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5 % This report presents a more detailed evaluation of the additional
‘ hydropower potential at both Upper and Lower St. Anthony Falls. An

earlier evaluation in a reconnaissance level report dated September
1981 showed preliminary feasibility for added hydropower development
at both locations. There are existing hydropower plants at each
location that are owned and operated by Northern States Power
¥ Company. The existing units generate at nameplate capacities of
r 12.4 MW (megawatts) at Hennepin Island (Upper St. Anthony Falls) and
A 8.0 MW at Lower Dam (Lower St. Anthony Falls).

] ; ] This study was conducted assuming Fedorai development of additional
: hydropower at St. Anthony Falls. Project cost data, economic
B parameters, and other information would be different when assuming
i development by the present hydropower licensee, Northern States
Power Company.

‘ _“ This study concludes that added hydroelectric capacities of 21.0 MW !
’ at Upper St. Anthony Falls and 5.4 MW at Lower St. Anthony Falls are j
‘. the optimum amounts that could be added at these two sites. The ]
! i upper and lower sites would produce additional average annual energy
B of 65,120 and 18,900 MWh (megawatt-hours), respectively. The added
1 ' energy developed from these two sites would be equivalent to 143,000

barrels of oil or 39,000 tons of coal per year “Aocession For
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The total investment first cost for the upper and lower sites would
be $25,207,000 and $10,320,000, respectively, for a total of
$35,527,000. The net annual benefits for the upper and lower sites
are $1,499,000 and $96,900, respectively, for a total of $1,597,900.
Benefit-cost ratios are 1.65 and 1.10, respectively, and are based
on a 8 1/8-percent interest rate, a 100-year project life, and
October 1983 price levels.

Hydropower is one of the more ecologically sound means of producing
electricity because it uses a nonpolluting, renewable energy source
- falling water - allowing nonrenewable energy sources to be
conserved. Significant environmental impacts would not be expected
to result from construction of the proposed plants. Mary of the
impacts normally associated with hydropower development would not
occur, since no new impoundaent or regulation of the river flow
would be required.

The District Engineer recommends development of added hydroelectric
power generation at both the Upper and Lower St. Anthony Falls
sites in accordance with the plan proposed herein. The plan
includes provision for adequate base flow (determined to be T00 of's)
and rustication of the upper falls horseshoe and main spillway to
preserve the aesthetics and mystique of the upper falls, The
District Engineer further recoamends authorization of both sites for
Federal construction without prejudice to other non-Federal
development of these sites.
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PERTINENT DATA

HENMEPIN ISLAND (UPPER LOCK)

ST, ANTHONY FALLS, MINNEAPOLIS, MINMESOTA

Normal upper pool (feet)

Normal minimum tailwater (feet)

Nominal lift (feet)

USGS gage number

Location

Gage drainage area (square miles)

Project drainage area (square miles)
Project pool area (acres)

Maximum flood flow (April 1965) (efs)
Average flow (cfs)

Median flow (50 percent) (cfs)

Minimum flow (August 1976) (efs)

Concrete spillway, orest length (feet)
Spillway crest (fest)

Horseshoe dam crest (feet)

Normal upper pool (with flashboards) (feet)
Tailwater (intermediate pool) (feet)

Top of lock wall (feet)

Flood crest, pool (April 1965) (feet)
Flood crest, tailwater (April 1965) (feet)

i1

Elevation 799.2

Elevation 750.0

49.2

05-2885

Anoka, Minnesota

19,100

19,680

354

91,000

7,600

5,200

529

425

Elevation 785.1
Elevation 796.8

Elevation 799.2
Elevation 750.0

Elevation 806.0
Elevation 803.43
Blevation 751.42




1
| PROPOSED HYDROPOWER ADDITIONS b
Existing Alternative Total
installation 5y site
Site capacity (kW) 12,500 21,000 33,500
Dependable capacity (kW) 11,500 8,800 20,300
(July-August)
Plant factor 0.85 0.35 -
) ' Average annual energy (MWh) 87,200 65,120 152,320
‘ ’ Investment first cost - 25,207 -
‘A ($1,000)
Benefit-cost ratio - 1.65 -
(for addition)
‘ UNIT DESIGN PARAMETERS FOR ADDITIONAL UNITS
g Number of units Two
! Turbine type Vertical propeller
_ turbines with
fixed blades
Runner diameter 132 inches
(3.35 meters)
Synchronous speed 163.64 rpm
, Design head (net) 49.0 feet
| (14.9 meters)
i' Design flow (total) 6,200 ofs
: l Generator nameplate capacity (each) 10,500 kW
- v Horsepower 14,400
¥ Turbine efficiency 0.835
Generator efficiency 0.98
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PERTIMENT DATA

LOMER LOCK AMD DAM, ST. ANTHOWY FALLS,
MINMEAPOLIS, MIMMESOTA

Normal upper pool (feet) Elevation 750.0
Normal minimum tailwater (feet) Elevation 725.1
Nominal 1lift (feet) 249
USGS gage number 05-2885
Location Anoka, Minnesota

Gage drainage area (square miles) 19,100
Project drainage area (square miles) 19,680
Project pool area (acres) 50
Maximum flood flow (April 1965) (cfs) 91,000
Average flow (cfs) 7,600
Median flow (50 percent) (cfs) 5,200
Minimum flow (August 1976) (ofs) 529
Tainter gates (including auxiliary lock)(56 by 20.5 feet) b
Top of tainter gate upper sill (feet) Elevation 731.0
Top of apron (feet) Elevation 710.0
Top of lock wall Elevation 755.0
Flood crest, pool (April 1965) (feet) Elevation 751.42
Flood crest, tailwater (April 1965) (feet) Elevation 739.02
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PROPOSED HYDROPOWER ADDITIONS

Existing Alternative Total

installation 2L site
. Site capacity (kW) 8,000 5,400 13,300
Dependable capacity (kW)
(July~-August) 6,800 2,300 9,100
Plant factor 0.76 0.40 -
b - Average annual energy (MWh) 51,000 18,900 69,900
k. Investment first cost ($1,000) - 10,320 -
Benefit-cost ratio
(for addition) - 1.10 -

UNIT DESIGN PARAMETERS FOR ADDITIONAL UNITS

Number of units One
Turbine type Horizontal buld
Kapian turbine

o Runner diameter - 132.0 inches

-

vi

(Rev. 3/84)

?‘ (3.35 meters)
'S Synchronous speed 116.1 rpm
i Design head (net) 22.0 feet
i j (6.7 meters)
‘! ‘ Design flow (total) 3,100 cfs
- ;’ Generator nameplate capacity 5,400 kW
}‘ Horsepower 7,400
;j. Turbine efficiency 0.855
' Generator efficiency 0.98
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FEASIBILITY REPORT FOR HYDROPOWER
ST. ANTHONY FALLS LOCKS AND DAMS
MISSISSIPPI RIVER AT MINMEAPOLIS, MIMMESOTA

STUDY AND REPORT
SCOPE OF THE STUDY

The studies presented in this report represent feasibility level
detail. The feasibility study is designed to formulate a viable small
hydro project design and implementation strategy and provide the basis
for an implementation commitment, Significant legal, institutional,
engineering, environmental, marketing, economic, and financial aspects
are defined, investigated, and definitively assessed in support of an
investment decision. A feasibility study is a decision document that
defines and recommends a course of action. The findings of a
feasibility investigation should determine whether a commitment to
implementation is warranted. If the finding is positive, the
feasibilitf study defines the steps needed to assure implementation.

A positive economic feasibility finding is normally necessary for
further implementation to be initiated. However, other concerns can be
equally important in serving the broad public interest, and a
feasibility study should be performed in the modern spirit of wise
natural resource management and multiobjective planning principles.

The study encompasses the locale known as St. Anthony Falls which
contains the upper and lower dam areas. The upper dam consists of the
Corps of Engineers Upper St. Anthony Falls lock and dam, a horseshoe
dam, a limestone and concrete wall (dam), and two utility owned
hydropower plants, one of which is operating. The lower dam area
contains the Corps of Engineers Lower St. Anthony Falls locks and dam,
an intermediate dam, and an existing utility owned hydropower plant. A
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site photo in the Existing Conditions section of this report shows the
study area.

This study assumes Federal development of additional hydropower at St.
Anthony Falls. Project cost data, economic parameters, and other
information would be different when assumfhg development by the present
hydropower licensee, Northern States Power Company (NSP). Although the
study did not specifically address development by NSP, comparative
assumptions are discussed for informational purposes within various
sections of this report. A general discussion of development
considerations from NSP's perspective i3 included with their 10
November 1983 letter in the Environmental Assessment, Exhibit section.

STUDY AMD AUTHORITY

Recognizing the importance of continued and successful operation of
completed projects, Congress provided the Corps witn the authority to
study possible modifications to existing projects. The study is being
done under the authority contained in the House Committee on Public
Works resolution, dated 11 Deceamber 1969, which requests the Corps of
Engineers:

"...t0o review the reports of the Chief of Engineers on the
Mississippi River between Coon Rapids Dam and the mouth of
the Ohio River...with a view toward determining whether
any modifications of the existing project should be made
at this time in the interest of providing increased flood
control, and for allied purposes on the Mississippi
River."

Because of the integral nature of the upper and lower dam areas and the
physical connection between the Corps and utility owned structures, the
entire St. Anthony Falls area was studied in the earlier reconnaissance
and current feasibility studies. Hydropower improvements were
considered on both Federal and non-Federal lands, recognizing that
optimal siting for improvements could be discovered on either or a




combination of Federal and non-Federal property. National economic

N

development would best be met by selection and development of
additional hydropower at the most =2conomical site regardless of

ownership.
COORDIMATION AND STUDY PARTICIPANTS

An intensive public involvement program was not conducted because of
the site specific nature of the study and the apparent lack of interest
; in an earlier 1981 reconnaissance level report which was distributed
{or public comment in May 1982, Agencies and interests were informed
of the initiation of the study and were invited to participate. A copy
of an initial notice and pertinent responses to the September 1981

\,
TR

reconnaissance level report are included in the Environmental
Assessment, Exhibit section,

Northern States Power Company, owner and operator of existing
hydropower facilities at St. Anthony Falls, was a partner in the study.
NSP participated by providing data and comments regarding the study and
this report. The cooperation and assistance provided by Northern
States Power Company are sincerely appreciated.

Other primary participants in the study include the FERC (Federal
Energy Regulatory Commission), FWS (Fish and Wildlife Service), and the
St. Paul District, Corps of Engineers. Under the Federal Power Act and
other legislation, FERC has broad responsibilities related to planning,
construction, and operation of water resource projects, particularly in
' regard to power development. One of those responsibilities is
establishment of values for power that might be produced at St. Anthony
Falls locks and dams. Correspondence related to power value
determination is included in the Environmental Assessment, Exhibit

section.
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The FWS, under the authority of and in accordance witn the Fish and
Wildlife Coordination Act, is the primary agency from which the Corps
of Engineers obtains Federal fish and wildlife resource data and
planning input. The FWS has prepared a planning aid letter and a Fish
and Wildlife Coordination Act Report. They are included in the
Environmental Assessment, Exhioit sectiom.

The Department of Energy, Office of Power Marketing Coordination, is
responsible for all marketing of Corps-produced power. This office has
been officially contacted regarding distribution of any additional
power that may be produced at St. Anthony Falls. Coordination will be
maintained regarding power marketing.

The St. Paul District, Corps of Engineers, is chiefly responsible for
this study and the report. The feasibility report W4ill serve as an
authorization document for approval by Congress. The report will be
distributed to all interested Federal and State agencies and the public
for comment prior to finalization.

STUDIES OF OTHERS

The Upper and Lower St. Anthony Falls sites are not eligible for the
loan program for small hydropower feasibility studies under Title IV of
the Public Utility Regulatory Policies Act of 1978, The main reason
for exclusion is that the site is currently licensed and is being used
to generate power (Northern States Power Company). Therefore, no
proposals for additional hydropower development are likely to compete
with Corps of Engineers and/or Northern States Power Company hydropower
expansion plans. The upper and lower sites presently generate with
installed capacities of 12.4 and 8.0 MW, respectively.

Northern States Power Company completed a "Report on Hydroelectric
Redevelopment Study at Hennepin Island" dated May 1980. That report
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showed apparent technical feasibility for a range of 12 to 24 MW at the

upper dam area.

The Minneapolis Riverfront Development Coordination Board had a report
prepared by an architect-engineer consulting team in July 1981. The
report ldentified the feasibility of rehabilitating the Northern States
Power Company Main Street Hydro Station for use as a hydroelectric
interpretive center. The proposal would cost $2.9 million and include
reactivation of one 600 kW (350 cfs) rope-driven generator unit,

Tne National Hydropower Study was authorized by Section 167 of the
Water Resources Development Act of 1976 (Public Law 94-587). The study
provided a general but comprehensive appraisal of the potential for
incremental or new hydropower generation at existing dams and other
water resource projects, as well as undeveloped sites in the United
States. The study was managed by the Institute for Water Resources of
the Corps of Engineers. It was completed in 1982 and indicated
apparent economic feasibility for additional hydropower at both Upper
and Lower St., Anthony Falls.

The St. Paul District completed a reconnaissance level evaluation of
the two St. Anthony Falls sites in September 1981. This study
determined that incremental capacity of up to 15.0 MW at Hennepin
Island (Upper) and 8.4 MW at Lower Dam was economically feasible.

THE REPORT AND STUDY PROCESS

Results of the feasibility study are contained in this report including
recommendations for authorization for construction by Congress. The
report consists of a main report (including plates showing drawings of
the most feasible alternatives) and technical appendix. The St. Paul
District completed a reconnaissance level evaluation of the two St.
Anthony Falls site3 in September 1981. This study determined that
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incramental capacity of up to 15.0 MW at Hennepin Island (Upper) and
8.4 MW at Lower Dam was economically‘feasible.

The feasibility study was started in September 1982. The final
feasibility report for nhydropower additions at St. Anthony Falls will
be completed in 1984 and submitted to Congress. Authorization and
funding by Congress are necessary before any recommended actions could

be taken for Federal development at St. Anthony Falls.
PROBLEM IDENTIFICATION
MATIONAL OBJECTIVE

Tae Proposed Principles and Guidelines for Planning Water and Related
Land Resources, published in the Federal Register on 22 March 1982,
have the following objective:

o0 The Federal objective of water and related land resources planning
is to contribute to national economic development consistent with
protecting the Nation's environment pursuant to national
environment statutes, applicable executive orders, and other

planning requirements,

This single objective combines the previously coequal National Economic
Development (NED) and Environmental Quality (EQ) objectives of the
former Principles and Standards (P&S).

The social well-being and regional development accounts are also
considered important. Viable alternatives to solve current and
prospective water and related land resource problems will be evaluated
and examined in light of the goals of increasing nationai and regional
economic gains, enhancing the quality of the environment, and improving

social well-dbeing.

>




P PROJECT HISTORY

The Falls of St. Anthony, originally about a 40-foot cascade, was
formed by the jutting edge of a hard layer of limestone which was very
limited in thickness, varying from about 10 to 13 feet, overlying a bed
of soft sandstone. In prenistoric times, the falls was located near :
the junction of thoe Mississippi and Minnesota Rivers, about 8 miles :
downstream from its present site. Through the years, as sections of
the protective limestone layer broke off, the falls gradually receded.
¢ If this natural process had continued upstream another 300 yards, the
upper end of the limestc_me shelf would have been reached, and the falls
would have disappeared. (The base of the protective limestone rises
v above the bottom of the river near the lower end of Nicollet Island,
‘ exposing the underlying St. Peter sandstone which is easily erodible.)

b In 1849 Franklin Steele developed the first dam and millpond at St.
. Anthony Falls. The dam, built of timber and rock, extended only
“ halfway across the river from the east bank and diverted water and logs
to Steele's sawmill, In 1856 a dam was started from the west bank and
angled upstream to join the original dam. This project resulted in
raising the height of the falls to 48 feet, and the configuration of

the resulting upper dam structure gave it the name of Horseshoe Dam.
b . On the west bank, a 945-foot canal drew water from the new millpond to
a series of powernhouses, and energy was produced until the mid-1950's.

| See the following figure.
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An event which occurred in 1869 nearly resulted in disaster for the St.
Anthony Falls area. A group of promoters undertook construction of a
tunnel from Hennepin Island, below the Horseshoe Dam, to Nicollet
Island, above the dam, for the purpose of obtaining water to generate
additional power, When tne tunnel had nearly reached its upper
terminus, the overlying limestone layer collapsed, exposing the soft
sandstone beneath. The current rapidly scoured a large opening which,
if allowed to increase, would have destroyed all the power
installations at the falls. In an effort to plug the break and the
tunnel, the Federal Government erected a cofferdam to enclose the
damaged area. This temporary solution remained in place until a
concrete cutoff wall, extending about U0 feet below the limestone ledge
into the sandstone and traversing the entire width of the river near
the lip of the falls, was constructed by the Federal Government between
1874 and 1876. The project to save the falls also included two roll
dams and protecting works below the Horseshoe Dam. These emergency

additions continue to protect St. Anthony Falls.

In 1895 the Main Street station, a combination steam-hydro plant, was
erected at the east end of the St. Anthony Dam. This plant supplied
nearly all of the electricity for the street lighting system of the
city of Minneapolis until 1911 when a fire gutted the station.
Rebuilt, the plant is still in use as a substation, and one of its
three hydroelectric generators continued to produce electricity until
the late 1960's,

The year 1895 also saw construction of the lower dam, half a mile
downstreaa from the falls. Built of large blocks of granite and
limestone, the V-shaped dam impounded water for a 7,000 kW (kilowatt)
power station which generated the electricity to drive the streetcars
of the Twin City Rapid Transit Company. In 1903 that company added
another structure, still standing, to the St. Anthony waterfront, the
Southeast steam generating plant with its four steam units, each
producing 3,500 kW of electricity. In 1908 the Hennepin Island
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hydroelectric plant, the last to be built at the falls, was completed.

Its foundations wWere cut into the limestone of the riverbed, and

penstocks piped water to four 2,250 kW generators.

Water power at the falls had enabled the city of Minneapolis to become
a leader in the flour and lumber industries. However, in the first
decades of the 20th century, Minnesota was stripped of its timber, the
milling industry was shifting eastward, and the electrically operated
streetcars were abandoned for motor buses. In 1923 Northern States
Power Company acquired the two companies that were the original
developers of much of the industry in the St. Anthony Falls area and
assumed responsibility for the dam, the falls, and the hydroelectric
generators, At present, NSP still operates the Hennepin Island and
Lower Dam plants which are now the only producers of electricity in the

St. Anthony Falls area.

The four hydro generating units in the Hennepin Island plant were
rebuilt in 1955, and a fifth unit was installed. The total capacity of
the revitalized Hennepin Island plant then totaled 12,400 kW as it does
today. The various developments in the St. Anthony Falls area prior to
the construction of navigation locks and dams are shown on the

preceding figure.

The Minneapolis-St. Paul area had always been interested in extending
navigation to the St. Anthony Falls area. This was eventually
accomplished by means of a "High Dam" located downstream near Fort
Snelling, and known locally as the "Ford Dam™ of lock and dam 1,
completed in 1917. Additional locks and dams were constructed at St.
Anthony Falls with the lower lock completed in 1956 and the upper lock
completed in 1963.

The St. Anthony Falls lock project work was initiated in 1950 and the
upper lock was started in 1959. The lock construction obliterated the
Minneapolis Mill Canal, Consolidated Hydro generating stations, and

10
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other installations in the West Bank of the Falls area. In addition,
the Washburn "A" mill closed about 2 years after the locks were built,
and Spirit Island disappeared with the completion of the project. The
present location layout is shown on plate 2.

EXISTING CONDITIONS

GENERAL

Tne study area is located in Minneapolis, Minnesota, on the Mississippi
River between river miles 853.3 and 854.0 above the mouth of the Ohio
River. The area is historically known as St. Anthony Falls. The

general location in Minneapolis is shown on plates 1 and 2.

The reach of river under consideration actually comprises two "falls,"
an upper and lower, which have a combined water surface elevation drop
of about 74 feet, The upper falls is held by the Corps of Engineers
upper lock; a horseshoe-shaped dam and concrete spillway; a limestone
and concrete wall (dam); and two utility owned hydropower plants, one
of which is operating. The functioning hydropower facility is known as
the Hennepin Island Hydroelectric Plant. Adjacent to it is the Main
Street Station built as a combination steam and hydropower facility.
Tnis is no longer in operation as a generating facility, but it houses
Northern States Power Company offices and maintenance equipment and
serves as a distribution substation. Other development in the area
includes the University of Minnesota Hydraulic Laboratory on Hennepin
Island adjacent to the Hennepin 1sland Hydroelectric Plant and two
nonfunctioning wasteways.

The lovwer falls area contains the Corps of Engineers lower lock and dam

on the right riverbank, an intermediate dam, and the Lower Dam
Hydroelectric Plant on the left bank.

11
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! The Upper St. Anthony Falls lock was built by the Corps of Engineers in
| 1963. It is 56 feat wide by 400 feet long and provides a lLift of 49
feet, allowing river craft access to the center of Minneapolis

T

industry. The horseshoe dam and nydroelectric plant ad joining the
Upper St. Anthony Falls are owned and maintained by Northern States
Power Company. These facilities, commonly known as the Hennepin Island
hydroelectric project, are described in later report sections. The :
Hennepin Rollway and Apron (lower roll dam) and Hennepin upper roll dam
were constructed from 1872 to 1876 by the Corps of Engineers (see the
ﬁ following figure). The roll dams were emergency works to preserve the
3 falls and prevent them from degenerating into a series of rapids. The

R

two roll dams are presently maintained by Northern States Power Company
but a title search is required to establish definite ownership and

definite maintenance responsibilities.
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The Lower St. Anthony Falls lock and dam was completed in 1956 by the
Corps of Engineers. It provides a lift of 25 feet and has the same
chamber dimensions as the upper lock. Provisions for future addition
of an auxiliary lock were incorporated into project designs. The
auxiliary lock bay now serves as a spillway with tainter gate control.
The Corps dam consists of a concrete control structure operated by
three additional tainier gates, The Lower Dam Hydroelectric Plant is
an integral feature with the Corps lock and dam.
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Northern States Power Company is the existing hydropower licensee at
botn the upper and lower sites. Northern States Power Company provides
the electrical service to the Corps lock systems without charge, up to
a certain maximum demand, at both the upper and lower falls sites. The
without charge limits are:

Upper St. Anthony Falls
Maximum demand 300 kW
Maximum consumption 550,000 kWh

Lower St. Anthony Falls
Maximum demand 375 kW
Maximum consumption 550,000 kWh

Electrical service above these maximums is provided to the Corps under
rates specified in Contract No. DACW37-70-C-0031.

Both the existing upper (Hennepin Island) and lower dam hydroelectric
developments are described in the following sections.

HENNEPIN ISLAND AND LOWER DAM DEVELOPMENTS (PROJECT NO. 2056)

These hydroelectric developments are owned and operated by the Northern
States Power Company and are located on the Mississippli River in
Minneapolis. Both developments are licensed by the Federal Energy
Regulatory Commission as Project 2056. The license expires 31 December
2000.

Hennepin Island

The Hennepin Island development utilizes U9 feet of riverfall. The main
features of the licensed project are a powerhouse and horseshoe-shaped
ungated spillway. Also, part of the licensed development is an

15




arrangement of miscellaneous energy dissipaters, wasteways, gate i
structures, and waterways.

The ungated horseshoe-shaped gravity spillway is founded on limestone
ledge rock at the head of the falls, It comprises various combinations

of concrete, rubble masonry, and rock-filled timber crib construction.

The original dam at this site was constructed in 1857. However, the

Lo el o i 2

dam has since been reconstructed with some sections of the existing dam
dating back to 1870, while some sections have been recently

reconstructed.

The Hennepin Island Hydro Plant, originally coampleted in 1908, consists
of a 300-foot-long intake canal with head gates and a bridge, an

§ operating hydro plant, and a 250-foot-long discharge canal. A trash
o Sluice on the east side and a log sluice on the west side are located

at the plant. Wasteways Nos. 1 and 2 have been permanently plugged by

o
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3 o earth and concrete dams, respectively.

: Tne powerhouse contains five turbine and generator units for a total of
1 12,400 kW (kilowatt) site capacity. The average annual hydroelectric
b . generation of the plant is about 87.3 million kWh (kilowatt-hours).(1)
The four horizontal turbines were rebuilt by installing new runners,

shafts, motor-operated gate mechanisms, and draft-tube vents in 1955,
Each of these rebuilt turbines is rated 3,200 hp (horsepower), 240 rpm
(revolutions per minute), and 48-foot head. Unit No. 5, installed in

1955, is a vertical turbine of the Kaplan adjustable blade type rated

7; 3,500 hp, 277 rpm, and 48-foot head, mounted in a concrete flume and

f | provided with a governor, steel-plated draft tube liner, wheel-pit

3 . drain, and draft tube vent. A 13-foot diameter steel penstock conveys

' ' water to the unit, with flow controlled by a timber slide gate and
wicket gates.

. (1) Calculated with USGS flow records and verified by NSP energy
-’ production records. ')
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The rebuilt horizontal turbines are directly connected to 60-cycle,
2,750 kVa (kilovolt-ampere), 0.9 power factor, 240 rpm, 13.8 kV
(kilovolt), 3-phase horizontal generators, with belt-driven exciters.
The vertical turbine is directly connected to a 60-cycle, 3,125 kVa,

0.8 power factor, 277 rpm, 13.8 kV, 3-phase vertical generator with a
direct connected exciter.

Although the development is considered a run-of-river plant, the
Hennepin Island plant may draw its pool down 1 foot for operational
purposes, which would also increase the flow immediately downstream at
the Lower Dam Hydroelectric Plant during the operating period.
However, drawdown can, at times, result in upstream navigation
problems. Streamflow at the project is affected by the 3ix Federal
headwaters reservoirs and the various upstream lakes and recreation
reservoirs, but these reservoirs and lakes are not and cannot be

regulated specifically for nydropower production.

Normal controlled pool elevation at Hennepin Island is 799.2 feet msl
(mean sea level), 1912 adjustment. However, for the past several
years, Northern States Power Company has maintained the pool level at
an elevation 1 foot lower to preclude losing flash boards at that level
because of weak spots in the horseshoe dam, Loss of flash boards means
loss of pool and power for a minimum of 3 days up to a period of 9
months at a time, depending on river flow conditions.

The Hennepin Island pool has a surface area of 354 acres. The pool
experiences occasional periods of poor water quality from occasional
combined storm and sanitary sewer overflows. There are no recreation
facilities associated with the licensed project.

The Corps of Engineers Upper St. Anthony Falls lock is constructed
integrally with the south end of the ungated horseshoe aspillway
section. The lock is not part of the licensed project.
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Lower Dam

The lower dam hydroelectric development is about one-half mile
downstream from the Hennepin Island development and includes a
powerhouse and its appurtenances. The original development at this
site was constructed in 1895-97. It consisted of a masonry dam and a
powerhouse containing aight 35-cycle alternating and two direct current
generating units that utilized a head of 19 feet and were used
exclusively for railway purposes. Shortly before the license for the
project was issued in September 1951, the Corps of Engineers served
notice that the dam would have to be removed to provide for the
authorized new lock and dam which would develop an additional 5 feet of
head at the site. Therefore, the licensee decided to reconstruct the
plant to benefit from the increased head.

In 1952, the forebay of the old powerhouse was modified to accommodate
the present 10 vertical fixed-blade turbines coupled to outdoor-type
60-cycle generators, each rated at 800 kW. The superstructure of the
old plant now houses the electrical gallery and operator's office. The
average annual hydroelectric generation of this run-of-river plant is
about 51.3 million kWh. The lower dam plant may draw its pool down 0.4
foot for operational purposes, but is operated as a run-of-river plant
with only a minimum amount of daily storage. Its operation does not
significantly affect the operation of any downstream facilities.
Streamflow at the project, however, is partly regulated by the six
Federal headwaters reservoirs, the various upstream lakes and
recreation reservoirs, and the small drawdown from the Hennepin Island
hydroelectric plant located immediately upstream.,

STRUCTURAL INTEGRITY AND FUTURE CONSIDERATIONS
The stability and structural integrity of both the upper lock and the

lower lock and dam are considered excellent. Little is known, however,
concerning the structural stability and integrity of the Hennepin

18
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Island plant and the Lower Dam plant. Detailed design studies would

require a detailed analysis of those facilities. Plates 10 and 11 show
foundation conditions at the sites.

A dangerous vortex condition exists at the lower lock intakes. Siting
of a future hydropower addition adjacent to the lock could aggravate or
perhaps relieve the ccndition. A physical model study may be necessary
should an addition appear most feasible in an area at which the
hydropower flows would likely influence the vortex.

HYDROLOGIC POWER EVALUATION

The flow available for nydropower at St. Anthony Falls is estimated
from 49 years of data from the gage at Anoka, Minnesota (USGS 05-2885).
Thne gage is at river mile 864.8 from the mouth of the Ohio River and is
11.8 miles upstream of St. Anthony Falls, The total drainage area
upstream of the project is 19,680 square miles, which is 3.1 percent
greater than the area upstream of the gage. There are no major
tributaries between the gage and St. Anthony Falls. The project at St.
Anthony Falls consists of two sites. One is St. Anthony Falls, also
called Upper Dam, which is the site of the Hennepin Island plant of
Northern States Power Company. The other site is Lower Dam, where

Northern States also has a hydropower site.

The average monthly flows at Anoka are shown in the table below.

Average monthly flows, Mississippi River at Anoka

Month Flow (cfs) Month Flow (cfs)
January 3,800 July 7,900
February 3,700 August 5,700
March 6,400 September 5,200
April 17,100 October 5,400
May 14,500 November 5,500
June 11,200 December 4,200

Annual average flow - 7,600 Median flow - 5,200
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The production of power from the force of falling water follows from
basic principles of physics. Work (energy) can be expressed as a force
moving through a distance:

E = Force x Distance (1b=-ft)
In the case of hydropower production, the force is the weight of the

water, and the distance is the vertical fall, or "head," which is the

difference between pool and tailwater elevations.

2]
L]

F x D = (unit weight of water) x (volume of water) x (net head)

m
1

=Y, 0 (V) * (H) = 62.4 + (V) * (H) (lb-ft) (1)

Power is the rate at which the energy is produced. If the head is

presumed constant over a short interval, then the power available is:

P. =9 _ 6oy x 9V xHg=62.4°Qq-y4 ft-1b (2)
a — —
dt dt sec

where Q represents the flow in cfs.

Expressed as horsepower: (1 HP = 550 ft-lb/sec)

P, = 62.4 y g xH = ‘Q)(H) (HP) (3)
550 8.81
or as kilowatts: (1 HP = .TU6 kW)
Pp= 9% Hy 746 = (QH) (kW) (4)

8.81 11.82
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To take into account the efficiency of the machine, a factor "e" is

added to the equation for each "transfer point" in the process:

e, = turbine efficiency
ey = speed increaser efficiency
eg = generator efficiency

ez e XxepXxeg
and the net power is Py, = Q * H * e (5)
11.82

For preliminary calculations involving modern machinery, an average

overall efficiency of about 3.86 is often used. Then:

p = (Q(H)(0.86) _ (Q)(H) (kW) (6)
11.82 13.7

Power is the rate of production of energy, so the total energy produced
in a given period is found by multiplying the average power during the
period, in kilowatts, by tne length of the period in hours,

E = Power (kW) x time (hours) = Kilowatt-hours (kWh) (7)

Sometimes energy is expressed as megawatt-hours (MWh) or gigawatt-hours
(GWh):

1 MWh 1,000 kWh
1 GWh = 1,000,000 kWh

Since the flows at a given site are usually quite variable, it would be
useful to store excess volumes for use during lower flow periods. The
St. Paul District's navigation dams have only minimal storage (pondage)
available. For several reasons, including navigation, wildlife
habitat, recreation, and business interests, pool fluctuations are kept
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to a minimum. Without pool fluctuations, the useful storage is
negligible. The pool above the upper dam has only enough storage for
about 1 hour of plant operation. The intermediate pool has negligible
storage and is very sensitive to changes in streamflow, :ate settings,
and power plant operations. Considerable coordination is required
between the power plant and the lock and dam to utilize flows most
efficiently.

ENVIRONMENTAL SETTING
The following section describes the environmental setting in the study
area. A more complete description can be found in the environmental

assessment at the end of this report.

Terrestrial Resources

Man has significantly affected the area around St. Anthony Falls since
the early 19th century, and alterations of the aquatic and terrestrial
resources have occurred since then. Today, the St. Anthony Falls area
is surrounded by urban developments including commercial and light
industrial buildings, railroads, and highways. Very little terrestrial
habitat remains in a natural state. Vegetation is confined primarily
to landscaping and parks and along wooded bluffs. Small mammals and
birds may be found in these areas. Waterfowl occasionally use areas of

the upper pool outside of the main channel.

Aquatic Resources

The development of the area around St. Anthony Falls for urban and
industrial purposes resulted in lock and dam construction, changes in
pool levels and flows, dredging, barge traffic, and combined sewer
overflows. Because of these developments, habitat for aquatic life has
been reduced. The oxygenation of water by dams and recent efforts to
improve water quality somewhat offset these habitat losses.
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St. Anthony Falls has always presented a barrier to the dispersal of
fish species. Therefore, the fish community is less diverse above the
falls. The installation of locks has made upstream movement possible
but only to the Coon Rapids Dam about 9 miles upstream. Fish
populations are limited in the pools because of the lack of shallow
water habitat, the pools' small size, and occasional periods of poor
Wwater quality. Fishing is popular in the area, however, due to the

proximity of the urban area,

Water quality is now considered generally good through the area.
Aeration provided by the dams helps maintain quality. Short-term
declines occur during periods of high runoff when storm and sanitary
sewers are combined and overflow into the river when their capacity is

exceeded.

Recreation

For clarity, the recreational setting is divided into two descriptions
~- existing recreational uses and potential/probable future

recreational uses.

Existing recreational uses occurring within the study area fit into
four general categories: sightseeing (interpretive visits), walking
for pleasure, bank fishing, and recreational boating. Open space and
public use areas currently exist along both banks of the riverfront.
There is open space along the east bank on Nicollet Island, adjacent to
the Main Street Bridge, and Father Hennepin Bluffs Park is located
between the upper and lower falls. These open spaces provide passive
recreational opportunities. The most prominent existing public use
area is located on the west bank adjacent to the Upper St. Anthony
Falls Lock and Dam. This facility is known as the Morgan J. Tschida
Visitor Center. The visitor center offers interpretation of the lock
operation and provides history of the Mills District Area, as well as
facilitating an excellent vantage point for viewing the upper falls
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area. Recreational boating and fishing occur in this segment of the
river but are not intensive due to access limitations, water surface
constraints, boating safety hazards, and marginal water quality and

fisheries.

Potential and probable future recreational uses of the study area are

: great. This is due %o the proximity of the study area to a large

é
t

population (market) and the quality location and configuration of
public/open spaces near the riverfront. The fact that the study area
is located in a historic district, is adjacent to a large falls, and is
located along the Great River Road system also provides significant
potentials for future interpretation and a multi-dimensional

recreational experience.

The most probable future recreation developments for the study area are
difficult to identify. Many ideas for improving public accessibility
to the falls area and the river have been proposed. These include
plans for a kayak course between the upper and lower falls and an
aerial tram linking the east and west banks. The Minneapolis Park and
Recreation Board is beginning the design phase for extending the West
River Road along the river through the falls area. A focal point of
this parkway is Upper St. Anthony Falls, Overlooks are being planned
along the route to take advantage of views of Upper St. Anthony Falls.
A large park development is also being proposed between the Corps lock
structures which would offer opportunities for interpretation of the
mill ruins in the area, public access to the waterfront, and views of
the falls. The Stone Arch Bridge has recently been turned over to the
city by Burlington Northern Railroad. Future development plans call
for the bridge to be a link across the river. The mode of movement,
either walking, bicycling, or trolley, has yet to be decided. The
future would likely include continued development of a recreational
roadway with adjoining park areas along the west bank. The Corps has
plans to upgrade and expand its existing visitor center. However,

expansion is unlikely in the near future due to budgeting constraints.
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Cultural Resources

Native Americans began inhabiting this vicinity between 10,000 and
12,000 years ago., Historic use of the land in and around St., Anthony
Falls has probably led to the destruction of most of the prehistoric
sites along this portion of the Mississippi River. Historic sites,
however, abound. The upper falls area is situated in the St, Anthony
Falls Historic District, which is on the National Register of Historic
Places (see plate 1). The lower hydro station, two city blocks outside
of the St. Anthony Falls Historic District, is considered by the
Minnesota State Historic Preservation Officer to be eligible for
inclusion in the district on the basis of its architectural and
historic attributes. The St. Paul District has submitted a
Determination of Eligibility for this structure to the National
Register of Historic Places. As of November 1, 1983, no additional
properties listed on or determined to be eligible for the National
Register will be impacted by the proposed hydropower development,

Social Resources

The study area is located within the city of Minneapolis and Hennepin
County which are part of the Minneapolis-St. Paul Standard Metropolitan
Statistical Area. The population of the Minnesota portion of the
metropolitan area in 1980 was estimated at 2,070,271, which represents
a T.2-percent increase from the 1970 estimate., However, the
populations of Hennepin County and the city of Minneapolis have
declined. The population of Hennepin County was estimated to be
960,080 in 1970 and 941,411 in 1980, representing a 2-percent decrease.
It was estimated that during the 1960's the city of Minneapolis lost 10
percent of its population. During the 1970's the trend continued and
population decreased by 14 percent, from 434,400 in 1970 to 340,951 in
1980.
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In 1979, the mean family income in Minneapolis was $22,509 and
approximately 9 percent of the families had incomes below the poverty
level. Thirty-eight percent of the Minneapolis work force is employed
in the service industry and 18 and 17 percent are employed in
manufacturing and retail trade, respectively. These industries are
also the major employers in Hennepin County and the greater
Minneapolis-St. Paul ™netropolitan area. It is expected that they will
continue to be major sources of employment for metropolitan residents
in the future.

Existing land use in the study area has been thoroughly documented by
the city of Minneapolis. Design guidelines for future development have
been prepared by the City Planning Department and were adopted by the
city council in December 1981. Developers, landowners, and the city
are currently collaborating on several development projects in the
study area. The goal of these developments is to reorient the city of
Minneapolis to the river. The projects involve renovating old and
historic buildings and developing condominiums and apartment units,
office space, hotel rooms, and retail space. The Minneapolis Community
Development Agency has estimated that the developments, if realized,
could amount to an expenditure of approximately $800 million in future
development. The locations and names of the developments are shown on
plate 2, and comments of the individual developers are included in the

Environmental Assessment, Exhibit section.

Examples of existing and planned developments in the project area
include Riverplace, the Mills District Plan, the Great River Road, and
the Central Mississippi Riverfront Regional Park. The Mills District
Plan alone includes the development of: (a) 1,400 condominium and
apartment units, (b) 720,000 square feet of office space, (c¢) 200 hotel
rooms, and (d) 275,000 square feet of retail and restaurant space. It
is expected that the project will provide: (a) $250 million in private
investment, (b) 4,000 construction jobs, and (c) 5,000 permanent jobs
(Mills District Plan, January 1983).
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The Department of Transportation has proposed that the Great River Road
parallel the west bank of the Mississippi River in the Upper and Lower
St. Anthony Falls area. The Great River Road is a scenic,
recreational, and historic roadway along the Mississippi River from the
Gulf of Mexico to Lake Itasca in Minnesota, The location of the

proposed Great River route is shown on plate 2.

The Minneapolis Park Board is planning a Central Mississippi Riverfront
Regional Park in conjunction with the proposed Great River Road on the
west bank of the Mississippi River in the St. Anthony Falls area. The
regional park would include 150 acres of land paralleling the
Mississippi River between Plymouth Avenue on the north and Interstate
35W on the south. (Plymouth Avenue crosses the Mississippi River north
and upstream of Nicollet Island, outside of the proposed hydro project
area.) About 44 acres of private land would be acquired in combination
with publicly owned lands to develop a continuous riverfront park along
the St. Anthony Falls west bank area.

Aesthetic/Visual Resources

The considerable flow during the summer months and the significant
vertical drop which are characteristic of the upper falls site create
an impressive visual and sensual resource. There is no similar feature
at the old lower falls site, approximately one-half mile downstream.
The lower falls now consists of a navigation lock, gated structure, and

powerhouse.

Under existing conditions, the upper falls (spillways) has water
flowing over it approximately 60 percent of the time. In an average
year, this flow over the falls occurs during the summer recreation
season (i.e., the flow over the falls "dries up" in the winter months).
In truth, the magnitude of flows over the falls varies greatly on a
yearly, monthly, and even daily basis. Generally, when there are dry
years, the falls are dry during summer, fall, and winter, and water
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flows over the spillways only during the wet spring months. Even so,
on the basis of statistical data, present average flows observable over
the falls can be described as ranging from 1,400 cfs to 11,800 cfs.

The Upper St. Anthony Falls consists of several structures including a
navigation lock, overflow spillways, and two powerhouses (only one is
functional). A horseshoe and lower concrete roll dam (spillway) are
the principal aesthetic overflow spillways. These structures are not
natural features. The natural stone falls seriously deteriorated and
had to be stabilized with these existing structures in recent history.
Evan though the new structures are not natural, viewers of the current
upper falls feel strongly that water flowing over these features is
aesthetically very appealing and an important historical feature that
gives the study area identity and interest.

Currently, there are a limited number of good vantage points from which
to view the upper falls location. The best and currently most heavily
used is the platform of the Morgan J. Tschida Visitor Center. From the
platform, approximately 36,000 visitors annually view the falls.
Because this is the prime existing vantage point, further elaboration
of views for this platform is described in the following table and

chart.
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i
. - St. Anthony Falls - Data Analysis
Existing Conditions (Without Project)
Average Year
‘ Flows Apr May June  July Aug Sep Oct Nov
3
1 Anoka, Minnesota,
1 gage (actual 15,600 14,400 10,600 7,900 5,900 5,200 5,400 5,400
L flow in cfs)
Flows over spill-
way (Anoka minus 11,800 10,600 6,800 4,100 2,100 1,400 1,600 1,600
existing hydro)
3 Visitation at
§ , St. Anthony Falls 3,900 5,80 5,100 7,900 5,900 3,800 2,600 1,000
k- L (36,000 persons (11%) (16%) (14%) (22%) (16%) (11%) ( 7%) ( 3%)
> 3 total)
3 ; Annual visitors viewing St. Anthony Falls from Corps Visitor Center
. P under existing condition
:
5
g
§ -
-
; o
: <]
L -]
2]
| 5900 at 2100 cfs
4 5800 at 10600 cts
, |
-
Lo Example:
‘ 5,900 viewers
s at 2,100 ofs.
|
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The magnitude of average flows over the upper falls during a portion
of the summer season approaches and exceeds 7,000 cfs. At flow
rates of this magnitude, visitors observe a "roar" of churning
whitewater that can be heard some distance away. This multi-sensual
effect, which often includes a misting of water in the air, leaves

observers with an impressive sense of the power of nature and is
aesthetically noteworthy.

There are other lesser vantage points to view all or portions of the
upper falls. Included are the end of Nicollet Island, open space along
tne east bank (only horseshoe falls can be seen), tnhe Fuji-Ya

Restaurant (only horseshoe falls can be seen), and the Third Avenue
Bridge.

Potential vantage points to view the upper falls are numerous because
of the proposed vertical (high rise) construction of new‘riverfront
developments, expansion of the West River Road near the falls, location
and configuration of adjacent public open space, possible future
expansion of the existing visitor center, development of the Great

River Road System, and plans to utilize the Stone Arch Bridge as a
transportation link.

Another noteworthy consideration in describing the upper falls is that
the horseshoe falls has visual appeal at much lower river flow rates

tnan the main roll dam. This is due to the more vertical drop and
other structural differences of this feature.

The following photo shows the existing upper falls main spillway (lower
roll dam) with a relatively high overflow in August 1983. Another
photo shows the horseshoe and main roll dams on 7 July 1976 with an
estimated 1,100 cfs flow over the spillways.
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Upper St. Anthony Falls - July 7, 1976




ROLE OF AREA HYDROPOWER

The role of hydropower in the geographical area encompassing Upper
Mississippi River navigation dams of the St. Paul District can best be
explained by referring to the National Hydropower Study (NHS). The
study was accomplished by the Corps of Engineers Institute for Water
Resources (IWR) during the period 1978-1980. The NHS was conducted by
Electric Reliability Council Regions.

Electric power systems are divided into nine Electric Reliability
Council Regions in the United States. The navigation dams in the St.
Paul District are presently all included in the Mid-Continent Area
Power Pool (MAPP) system which assumed all of the former Mid-Continent
Area Reliability Council Agreement (MARCA) responsibilities in 1982.
However, the NHS was conducted while MARCA organization was still in
effect. Both MAPP and the former MARCA include a 400,000 square mile
area in the United States that includes all of Minnesota and the
western half of Wisconsin plus Iowa, North Dakota, South Dakota,
Nebraska, and eastern Montana, The Canadian Provinces of Manitoba and
Saskatchewan are associate members of MAPP/MARCA.

The MARCA Council was originally organized in 1968, and membership
consisted of 22 larger electrical systems. There were, and still are,
11 investor-owned, 8 generating transmission cooperatives, 2 public
power districts, and a Federal agency in the council region. The
purpose of the council region is to enhance electric reliability of the
region and to effectively use the combined resources of the member
systems in the event of an emergency in one of the systems.

The following extract from volume XIX of the September 1981 NHS

Regional Assessment clearly presents the role of hydropower in the
former MARCA (MAPP) region.
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ROLE OF HYDROPOWER WITHIN THE EXISTING SYSTEM

Conventional hydropower currently plays an important
role in the MARCA generation system. About 12.2 percent of
the total 1979 summer generating capability was provided by
hydropower, As of January 1, 1979, there were 57
hydropower plants in the MARCA system. The plant capabil-
ities range from less than | MW to more the 650 MW. The
majority of MARCA hydropower facilities provide a
capability of less than 30 MW each. However, there are
eight large Federal hydropower plants which provide
: approximately 84 percent of the MARCA hydropower
4 y capability. Cf the eight Federal hydropower plants, six
located on the Missouri River were constructed and are
operated by the Army Corps of Engineers. The remaining two
are Water and Power Resources Service projects - one on the
Missouri River and one on the Big Horn River. . . . .
About 84.2 percent of the total MARCA hydropower generating
capability is located within the Dakotas and Montana with
the remaining 11.6 percent, 4.1 percent, and 0.1 percent
located in Minnesota-Wisconsin, Nebraska, and Iowa,
respectively.

ik Zacd
o s

There are no hydropower additions or retirements
scheduled for MARCA during the 1979-1988 period; however, a
slight decline in hydropower capacity during this period is
projected. This reflects the conservatism in forecasts
which anticipate future water supplies and capacity to be
less than experienced in the good water year of 1978.

- Magnitude
3

¥ According to utility repo:its, the 1979 summer
3 . hydropower capability was 2970 MW. The total 1978

hydropower generation in the MARCA area was 15,495 million
kilowatt-hours, representing 16.5 percent of the total
MARCA net generation. Utilities indicate by 1988,
hydropower generation is expected to decline to 7.5 percent
of the net total, or 12,074 million kilowatt-hours. Table
3.6 shows the expected decline, according to utility
forecasts, in hydropower generation in comparison toc the
MARCA total through the 1978-1988 period. Hydropower
capability is expected to decline from 2970 MW or 12.2
percent of MARCA total, in summer 1979 to 2790 MW or 8.5
percent in the summer of 1988. The 206 MW reduction occurs
entirely within the Dakotas-Montana subarea. These
projections are predicted on estimated future water supply
and do not reflect less hydroelectric machinery.
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Table 3.6
- . HYDROPOWER GENERATION PROJECTIONS 1978-1988
(Millions of Kilowatt-Hours)

i Percent of MARCA

Generation Net Generation
1978 (Actual) 15,495 16.5
: 1979 13,902 13.2
' 1980 13,174 11.9
: 1981 12,922 1.0
i 1982 12,972 10.2
g 1983 12,972 10.1
' 1984 12,974 9.7
1985 12,072 8.6
1986 12,072 8.2
1987 12,072 7.7
1988 12,074 7.5

Type of Energy

The Federal hydropower plants in MARCA except Gavins

Point can be operated essentially as peaking or

& ' intermediate plants fully integrated with the base loaded
thermal plants in the area.

Gavins Point is generally base-loaded to provide
steady flows for navigation. The marketing agent purchases
off peak energy from thermal resources to meet off peak
demands of their customers. The hydropower resources are
concentrated on peak to meet firm loads and to replace
generation by high cost o0il in the MARCA area. Other
hydropower plants in the MARCA area are relatively small
and essentially are run-of-river providing thermal
replacement capacity and energy as river flows make them
available.

The MARCA/MAPP Council is a summer peaking system and is expected to
remain that way in the future. Within MARCA/MAPP, utilities have
annual load factors varying between 50 and 66 percent. Future annual

load factors are expected to average 57 percent.

‘A PREFERENCE CUSTOMERS

The most likely purchasers of federally produced power in this area
P would be the 16 municipalities and 10 electric cooperatives identified
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in the following table, Eleven of the municipals and 8 of the
cooperatives are not capable of generating all of their power needs and
could utilize the extra power production capabiiity from the two St.
Anthony Falls sites. Two Minnesota municipalities and two cooperatives
have expressed interest in possible added power generation at St.

Anthony Falls (see Environmental Assessment, Exhibit section).

CONDITIONS IF NO ADDITIONAL FEDERAL ACTION IS TAKEN

e e

If no Federal added hydropower is reccmmended and subsequently
developed, one of two futures is probable. One future is no action or
no change from existing conditions. Tnis case would have no or social
impacts other than those expected under present conditions. However,
with no action, several opportunities would be foregone, including full
use of a renewable and clean energy source and capitalization on a

relatively economical source of energy.

A more probable future is the more complete development of St. Anthony
Falls by MNorthern States Power Company, which holds the FERC license
for hydropower development at the site. NSP has already looked at

possible expansion of generation at the upper falls. A "Report on

.

Hydroelectric Redevelopment Study at Hennepin Island, Northern States
. Power Company," dated May 1980, prepared by Stone and Webster
Engineering Corporation under contract to NSP, found apparent technical
feasibility to essentially double or triple existing capacity. NSP may
utilize the current Federal feasibility study to request a license

modification from the FERC.

Future added development at both upper and lower dams depends on (1)
projected future costs of fuel for thermal generation which is the
option to hydropower and (2) financial attractiveness for further

development which is influenced by the projected price at which future

» power can be marketed and by the cost of financing the hydropower
iy additions.




e Potential Preference Customer Datall)
. Number Peak demand Power Energy Capacity Diesel
b of ___f{mw) ____  purchased sales resources gen |
: Utility customers  Summer Winter ( mWn) ( raWh ) (mw) (mw) ‘
- MINNESOTA J
Municipalities !
g Anoka 7,096 30.4  23.5 128,400 118,800 0 0
~ Arlington 790 2.9 2.0 11,900 109,780 0 0
duffalo 1,859 5.8 5.7 28,490 25,300 0 -
. Chaska 2,476 13.5 8.2 52,400 47,600 0 -
: Delano 1,050 3.4 3.3 12,700 13,900 4.8 4.8
: %1k River 2,167 T.7 8.2 29,000 40,300 9.1 9.1
; Glencoe 1,936 12,6 13.1 30,100 41,980 21.1 21.1 4
! Kenyon 1,114 2.3 2.1 9,3 9,760 1.9 1.9 j
! Le Sueur 1,620 9.6 6.3 35,800 33,950 3.3 3.3 :
New Prague 1,230 7.8 6.1 18,900 36,800 11.9 11.9 !
North St. Paul 4,887 4.6 10.3 55,640 48,400 0 - |
Princeton 1,356 3.4 3.4 16,185 14,500 0 0 j
Shakopee 3,544 15.1 10.4 57,600 54,100 0 0
Cooperatives
Anoka 40,123 120.3 1111 533,040 590,900 0 0
Cooperative
Power Assoc. 0 0 0 0 0 16.8 16.8
Faribault
County 1,339 . 5.9 23,180 21,020 Q 0
Goodhue County 3,402 1.6 15.8 65,500 60,600 0 0
McLeod County 5,046 18.4 22.7 98,400 89,960 0 0
Minnesota Valley
Electric 10,412 34.0 37.1 169,990 154,300 0 0
United Power 0 0 0 0 0 309.8 23.3
Wright-
Hennepin 16,610 41,1 49,7 215,100 202,000 0 0
Minnesota
total 108,057 360.1 344.9 1,591,666 1,623,950 378.7 92.2
WISCONSIN
Municipalities
Centuria 365 0.7 0.9 4,040 3,710 0 -
New Richmond 1,858 7.4 6.5 33,900 32,300 0 0
; River Falls 2,914 10.8 10.6 47,000 52,500 13.1 12.7
Cooperatives
Pierre-Pepin 4,186 9.7 15.2 107,990 101,850 0 0
St. Croix
County 3,946 13.3 _18.1 75,900 71,100 Q 0
, Wisconsin
; total 13,269 41.9 51.3 268,830 261,460 13.1 12.7
-~
- Grand total 121,326 402.0 396.2 1,860,496 1,885,410 391.8 104.9

- —— i -

Appendix A (50-mile radius).
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PLANNING CONSTRAINTS

Any possible added hydropower development plan proposed for St. Antnony

Falls must be technicaliy and economically sound, socially and

environm=ntally acceptable, and capable of bHeing implemented.

Technical factors include the following constraints:
ng

1.

The plan must it in witn the geometric configuration of tne
existing structure and not adversely affect navigation, a
principal and primary purpose of the existing St. Anthony Falls

project.

The plant must operate in conjunction witn the existing
nydropower plants and utilize only excess flows not required for

existing prior uses.

Tne plant must operate as a run-of-river facility. (Run of tne
river, in this case, would encompiss the limited 1 or 0.4 foot
allowable fiuctuation at the upper aad lower sites,

respectively.)

To be recommended for further stuly, the selected plan aust be
economically justified. In other words, the bensfits of the
instaliation must outweigh the costs for construction and

maintenance.

Significant adverse impacts on wild and scenic rivers, historic
sites, and endangered species, amigratory fish, wildlife, and
other environmental amenities must be assessed. Significant

impacts should be eliminated if possible and mitigated when they

cannot be eliminated.
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0. Finally, the authority for this reevaluation study limits the
area of consideration solely to that of the original existing
project. Any otner cptions not associated with the Corps
existing facilities would have to be addressed under other
autnorities, (For example, no attempt was made to evaluate an
alternative which would involve added releases for hydro from

apstream reservairs.)

PLANNING OBJECTIVES

The objectives of the study are derived from problems identified for
the area and from Federal, State, and local 1aws and regulations. In
addition, the "Principles and Guidelines for Planning Water and Related
Land Resources" require that all federally assisted water resource

projects be planned to achieve the national objectives stated earlier.

Specific planning objectives are definite needs, opportunities, and
problems that can be addressed to enhance national economic development
or environmental quality. Specific planning objectives for this study

include:

1. Increase the national economic efficiency through the development
and full utilization of a renewable and less costly energy
source, thus helping to reduce dependence on foreign fuels in the

Nation and study area during the period of analysis.

2. Contribute to a maximum reduction in the use of nonrenewable
fossil fuels in the study area and the Nation during the period
of analysis, resulting in conservation of those resources and in
the enhancement of the environment by reducing air pollution
associated with plant emissions and terrestrial degradation
associated with fossil fuel discovery and mining.
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3. Minimize site-specific environmental effects of added nydropower
development {particularly, those effects dealing with barriers to

fish migration and entrainment or impingeument of aquatic biota.

4, Minimize adverse effects to the historic and aestnetic environ-

ment.

FORMULATION OF PRELIMINARY ALTERNATIVES

PLAN FORMULATION RATIONALE

Tne purpose of the formulation of preliminary plans is to identify and
evaluate alternative measures for fulfilling tne national and specific
planning objectives. Plan formulation is iterative and designed to
identify and evaluate all possible solutions so that the best and most
feasible solution can be selected. Tne level of detail for this report
is designed to identify one or more feasible solutions that can be
designed in detail for eventual preparation of plans and specifications

for construction.

An interdisciplinary team was assembled in the earlier reconnaissance
study to develop a strategy for selecting sites in the vicinity of St.
Anthony Falls at whicn installation of nydropower might be most
practical, from all viewpoints of the team. Tne same team was used in

the current feasibility study.

Additional site locations for nydropower additions were developed in
the current feasibility study, tnrough the joint efforts of the study
team and designated NSP personnel (see plate 3).

After the sites were selected early in the feasibility study, they were
formulated using comparable standard tube type units. Those sites that
indicated the greater economic feasibility were selected for more
detailed evaluation by the North Pacific Division, Corps of Engineers,




under contract to the St. Paul District. The North Pacific Division
personnel used different scales of development and different turbine
types in their evaluation. The evaluation also used cost estimate data
from the St. Paul District, information obtained from Northern States
Power Company, and a planning aid letter from the U.S. Fish and

Wildlife Service.

The following report sections provide more detail on how the
preliminary plans for hydropower additions at St. Anthony Falls were

developed.

LOCATIONS CONSIDERED

As discussed under Existing Conditions and as shown on plates 1 and 2,
two general locations exist for hydropower addition at St. Anthony
Falls (upper and lower falls). Additional units or replacement of
existing units could be sited at the upper falls area in conjunction
with the existing Hennepin Island hydropower development and/or at the
lower falls area in conjunction with the existing lower dam hydropower

development.

The upper falls general area has four principal sites that were
considered for development: (1) the existing powerhouse area; (2) the
wasteway area; (3) the lock area; and (4) the old Main Street station
area. Within these sites, 12 alternatives were evaluated as described

in the next section.

The lower falls general area has two principal sites that were
considered for development: (1) the existing powerhouse area; and (2)
the existing lock area. Five alternatives within these sites were

evaluated as described in the next section.

The 12 upper and 5 lower site alternatives are summarized on plate 3.
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ALTERNATIVES CONSIDERED

The existing plant at Hennepin Island has a 12.4-MW capacity and
generates at a plant factor of 0.85 (power generated 85 percent of the
time). The lower dam facility has an 8.0-MW capacity and generates at

a plant factor of about 0.76.

The 1978-1980 National Hydropower Study first determined that an added
increment of capacity would be feasible at both Hennepin Island and
Lower Dam. The September 1981 reconnaissance report confirmed that
existing development at both locations was economically feasible. The
reconnaissance report evaluated several additions at each location up
to a capacity which would result in a plant factor ranging from about
0.50 to 0.70.

The reconnaissance report evaluations all used Allis Chalmers tube
turbine units which were standardized and which would be most
economical for low-head installations. The units would have a 3,000-
millimeter (9.84-foot) runner diameter. This diameter was initially

selected because of existing head and flow characteristiecs.

Preliminary formulation evaluations in the current feasibility study
used this same type of installation. However, final feasibility
report evaluations were made by the Hydroelectric Design Branch of
the North Pacific Division, Corps of Engineers, using a computer
optimization routine. This optimization approach included other types
of installations sucn as propeller Kaplan, standardized horizontal tube
type, and double regulated bulb turbines, and ultimately resulted in a
greater installed capacity (21.0 MW) at the upper site.

The feasibility report site alternatives had to be reduced to a manage-
able number prior to North Pacific Division's involvement. This
preliminary work was carried out by the District using cost and benefit
data developed from the earlier reconnaissance study. The cost and
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benefit data from these preliminary evaluations were accomplished with
January 1981 price levels, 7-3/8 percent interest rate, and 100-year
project life, and provided a ready comparison with earlier reconnais-~
sance report results. However, final alternative analyses were
accomplished at current October 1982 price levels, T7-7/8 percent

interest rate, and 100-year project life.

The alternatives included in the evaluation process, and their
disposition, are discussed in the following paragraphs. The
alternatives are shown on plate 3.

HENNEPIN ISLAND OPTIONS

o Hennepin Island Alternative 1U - Replace the four older existing

twin tube turbines at the Hennepin Island plant with four 3.0~
meter norizontal tube turbine units. This alternative would

increase capacity at the site by 8.1 MW,

o Hennepin Island Alternative 2U - Rewind armatures, replace
ruanners, and other related work on all five existing units. Site
capacity would be restored to the original 12.5 MW capacity if

that capacity is not presently available (may be done in

combination with other alternatives).

o Hennepin Island Alternative 3U - Install two 3.0-meter horizontal
tube turbine units on the east side of the present generating
station. The site capacity would be increased by 10.0 MW. The
present building and inlet raceway would be enlarged.

o Hennepin Island Alternative 4U - Install two 5.0-megawatt, 3.0-
meter horizohtal tube units in the abandoned hydroelectric (Main
Street) station. This station originally had three generators
with 1 MW total capability and used rope-driven turbines. Site

capacity would be increased by 10.0 MW.
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Hennepin Island Alternative 50 - Install two 3.0-meter horizontal

tube turbine units in wasteway No. 2, which would increase site
capacity by 10 MW.

Hennepin Island Alternative 6U - Install two 3.0-meter vertical

propeller or horizontal tube generating units immediately west of
the 5U alternacive location. The units would pass beneath the
bottom of the existing wasteway No. 1 and outlet into the
Mississippi River downstream of the existing lower roll dam.

Total site capacity would be increased by 10 MW.

Hennepin Island Alternative 7U - Install two 3.0-meter horizontal

tube turbine units along the landward side of the existing right
bank Corps lock facility. The two units would be at the
downstream end of one 17-foot diameter penstock which starts at
the upstream side of the existing dam. The two units would

increase site capacity by a total of 10 MW.

Hennepin Island Alternative 8U(a) - Install four new 20-foot

diameter penstocks and a new powerhouse at the Lower St. Anthony
Falls station. The existing upper (12.4 MW) and lower (8.0 MW)
facilities would be removed. Four generating units with a
combined capacity of about 36.0 MW would be installed in a new
powerhouse, adjoining the existing Lower St. Anthony Falls
generating station. The new units would increase total capacity
by 14.6 MW.

Hennepin Island Alternative 8U(b) - Install one new 17-foot

diameter penstock and add to the existing Lower St. Anthony Falls
generating station. The existing upper (12.4 MW) and lower (8.0
MW) facilities would be retained. Two new Kaplan or horizontal
tube generating units would be installed, adjoining the existing
Lower St. Anthony Falls powerhouse. The new units would increase
total site capacity by 17.5 MW.
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Hennepin Island Alternative 8U(c) - This alternative would be

identical to 8U(a) except that a different route would be used,
and the intake of the penstocks would be just upstream of the old
Main Street station. A covered canal or tunnel along Main Street
would connect to the present Lower St. Anthony Falls station.
Four generating units with a combined capacity of about 36.0 MW
would be instal’led. The new units would increase total capacity
by 14.6 MW.

Hennepin Island Alternative 8U(d) - This alternative would be

identical to 8U(b) except that a different route would be used,
and the intake of the penstock would be just upstream of the old
Main Street station. A covered canal or tunnel along Main Street
would connect to a new powerhouse adjacent to the present Lower
St. Anthony Falls station. The two new units would increase
total capacity by 17.5 MW.

Hennepin Island Alternative 9U -~ Install two horizontal or

vertical generating units northeast of the existing upper pool
generating station. The units would be installed in the
abandoned outlet channel from the old Main Street station. Total
site capacity would be increased by 10.0 MW.

DAM OPTIONS

Lower Dam Alternative 1L - Replace the 10 existing vertical

fixed-blade turbines at the Lower St. Anthony Falls plant with
three 3.0-meter horizontal tube units. Each tube unit would have
a 2.8 MW capacity, giving a total of 8.4 MW new capacity in place
of the present 8.0 MW capacity.

Lower Dam Alternative 2L - Install two 3.0-meter horizontal tube

turbine units landward of the Lower Dam plant. Existing site
capacity would be increased by 5.6 MW,
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Lower Dam Alternative 3L - Install two 3.0-meter horizontal tube

units in the unused auxiliary lock chamber of the existing Corps
operated Lower Dam. Existing site capacity would be increased by
5.6 MW,

Lower Dam Alternative 4L - Replace 2 of the 10 existing 0.8 MW

units at the present generating plant with two new 2.8 MW units
in the south end of the building. Total site capacity would

increase by 4.0 MW with this arrangement.

Lower Dam Alternative 5L - Rewind armatures, replace runners, and

other related work on all existing units. Site capacity would be
restored to the original 8.0 MW, if currently not available.
(This work may be done in combination with other alternatives,

similar to Hennepin Island alternative 2U.)

PLANS OF OTHERS

1.

3.

Northern States Power Company was involved in the current study
process and in the selection and evaluation of the alternatives. A
number of the alternatives were suggested by NSP, such as the "end-
around" or combined proposal 8U a, b, ¢, d, and a peaking operation

proposal.

The Stone and Webster Engineering Corporation developed preliminary
plans for a wasteway alternative location in its May 1980 report.
This proposal was developed for Northern States Power Cumpany and
presented two 12,0 MW units in wasteway No. 2, similar to
alternative 5U in this study.

Northern States Power Company, in its letter of 15 June 1982,

suggested that the St. Paul District look at a peaking proposal for
Upper St. Anthony Falls., The proposal would include added pond
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control by adding a gated section to the existing Hennepin Rollway
(lower roll dam).

The Mills District Plan (January 1983) for the St. Anthony Falls
area would restrict added major nydropower development in the
present St. Anthony Falls Historic District. The Mills District
proposal would 1evelop more recreation potential in the area,
including a hydropower museum, waterfall garden, kayak course, and
milling museum. This proposal is still in the planning stage also,
and could infringe on the existing established water rights and
hydropower operation of Northern States Power Company, the

existing hydropower licensee,

The University of Minnesota, St. Anthony Falls Hydraulic Laboratory
at one time considered an expansion of its experimental research
facilities utilizing the wasteway No. 2 area. The Hydraulic
Laboratory envisioned an underground building with a park on the
roof, combined with added hydropower development that would utilize
penstocks in place of an intake canal. This expansion proposal has

not been actively pursued.

REVIEW OF ALTERNATIVES

The following is a list of advantages and disadvantages of each of the

alternatives investigated.
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o 1U - Replace four existing units with new larger units
(recon report alternative 2)

Advantages

1. Increased capacity of 8.1 MW.

2. More efficient units.

3. Location close to substation.

4, Concentrates all generation capability.
5. Access gocAi.

Disadvantages

1. Disruption of service during replacement.
2., Need to modify powerhouse.
3. Intake canal requires modification to carry added
flows.
4, Minor inconvenience to Hydraulic Laboratory during
construction (parking). j

o 2U - Rehabilitate five existing units (may be done in
combination with other alternatives)

Advantages

1. Minimizes future maintenance.

2. Minimum new construction cost.

3. Maintains generating capacity in localized area.
4. Possible increased efficiency.

5. A4ccess good.

Disadvantages

1. No increase in rated capacity.

2. Questionable need. Existing units are service-
able.

3. Disruption of service during rehabilitation
activities.

4. Minor inconvenience to Hydraulic Laboratory during
construction (parking).

0 3U - Add new unit(s) to existing hydro station

Advantages

1. Increase capacity with two 5.0 MW units.
2. Location close to substation.

3. Concentrates all generation capability. H
4. Access good.




Disadvantages

1. Difficult placement due to small space.

2. Intake canal would need larger capacity.

3. Some existing plant shutdowns required.

4, Space for addition is limited.

5. Would interfere with existing transmission towers.

6. Inconvenience to Hydraulic Laboratory during
construction.

* o 4U - Install new unit(s) in abandoned hydroelectric (Main
; Street) station
3 ; Advantages
r 1. Increase capacity with two 5.0 MW units.
2. Good access.
: 3. Close to existing substation.
3 4, Existing building above ground in fair condition.
Disadvantages
1. Significant outlet channel work required (previous
1 flow generated only 1.2 MW from two 600 kW units.

2. Building substructure would require extensive and
costly renovation. (Dam Safety Program may require
this also.)

‘ 3. Building is being considered for historic site
designation.

4, Upstream dredging required plus inlet work.

4 5. Powerhouse part of main dam - cofferdam required.
t o 5U - Install new unit(s) in wasteway No. 2
(recon report alternatives 1, 3, and 1)

Advantages

1. Increased capacity of 10.0 M4 (two units).

2. Upstream cofferdam already in place - requires only
small cofferdam downstream.

3. Open space for construction is good.

4, Close to substation.

5. Maintains integrity of adjoining wasteway No. 1 (must
be maintained to pass emergency flows in the event
the lower roll dam is closed for emergency or
operation and maintenance).

Disadvantages

2 1. Access is somewhat limited for construction.
A" 2. Inconvenience to Hydraulic Laboratory during

construction.
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o 6U - Install new unit(s) with cross island feed

MRE et

Advantages

1. Increased capacity of two 5.0 MW units.

2. Open space for construction is good.

3. Close to substation.

4. Maintains integrity of wasteway No. 1 except during
construction.

Disadvantages

1. Access is somewhat limited for construction.

2. Both upstream and downstream cofferdams are
required.

3. Inconvenience to Hydraulic Laboratory during
construction.

4, Added design problems resulting from high velocity
flows over lower roll dam.

P

o 7U - Install new unit(s) parallel to lock

Advantages

1. Increased capacity of 10 MW.
2. No adverse effects on Hydraulic Laboratory or
existing power generation.

Disadvantages

1. Upstream and downstream cofferdams required.
2. Limited construction access.
3. Difficult construction involving tunneling under a
portion of the existing dam and Stone Arch Bridge.
. 4. Not as convenient to the existing substation.
5. Adverse effects on upstream tows.
6. Upstream dredging required

o 8U(a) - Install penstock(s) to feed new units at Lower
St, Anthony Falls hydroelectric station (powerhouse)
(complete replacement)

Advantages

1. Simplifies hydro vs. locking and operating
requirements.
2. Takes full advantage of available head at St. Anthony
Falls.
3. Would completely eliminate the need for existing upper
and lower hydro plants (36 MW all at one site).
4, Would reduce overall maintenance to one generating
plant instead of two. )

Py -
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' Disadvantages

Difficult construction, especially in the steam plant
area, near the lower hydro station.

Upper and lower cofferdams required.

Disruption to existing service during construction
(upper and lower).

Some disruption to Hydraulic Laboratory during
construetion.

Above ground portion of penstock would interfere with
existing park aesthetics.

Other landowners {(Pillsbury) (city) involved?

Major disruption to the lower plant during
construction.

o 8U(b) - Install penstock to feed added units at Lower

St. Anthony Falls hydroelectric station (powerhouse)

(retain existing units)

Advantages

Simplifies hydro vs. locking and operating
requirements.

2. Takes full advantage of available St. Anthony Falls
head.

3. Would retain existing upper and lower hydro plants.

4. Added capacity of 16.6 MW,

Disadvantages

1. Difficult construction, especially in the steam plant
area, near the lower hydro station.

2. Upper and lower cofferdams required.

3. Disruption to existing service during construction
(upper and lower).

4. Some disruption to Hydraulic Laboratory during
construction.

5. Above ground portion of penstock would interfere with
existing park aesthetics.

6. Other landowners (University of Minnesota; city of

Minneapolis) are involved.

o 8U(c) - Install penstock(s) to feed new units at Lower

St. Anthony Falls hydroelectric station powerhouse using Main

Street route (complete replacement)

Advantages

3 1.
e 2.

Simplifies hydro vs locking requirements.
Takes full advantage of available head at St. Anthony
Falls.
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Would completely eliminate the need for existing upper
and lower hydro plants (36 MW all at one site).

4. Would reduce overall maintenance to one generating
plant, instead of two.

5. Main Street route is aesthetically less objectionable
than 8U(a) route.

6. No land acquisition required through park areas.

Disadvantages

1. Disruption of Main Street during construction unless
tunneling was used.

2. Upper and lower cofferdams required.

3. Cobblestoned Main Street is a historic site and, if
disturbed, must be replaced.

4, Permit for construction in street right-of-way

required.

o 8U(d) - Install new penstuck to feed added units at Lower

St. Anthony Falls hydroelectric station {powerhouse) (retain

existing units)

Advantages

1‘

Simplifies hydro vs locking requirements.

2. Takes full advantage of available head at St. Anthony
Falls.

3. Would retain existing upper and lower hydro units.

4. Added capacity of 16.6 MW.

5. Main Street route is aesthetically less objectionable
than 8U(b) route.

6. No land acquisition required through park areas.

Disadvantages

1. Upper and lower cofferdams required.

2. Disruption to existing service during construction.

3. Disruption of Main Street during construction unless
tunneling was used.

4, Cobblestoned Main Street is a historic site and, if
disturbed, must be replaced.

5. Permit for construction in street right-of-way

required.

o 9U - Install new unit(s) in abandoned channel

Advantages

1.
2.
3.
uo

Increased capacity of 10 MW.

Existing upper hydro plant would not be terminated.
Access good.

Close to substation.
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Disadvantages

Disruption of service during construction at upper
site.

Intake canal needs modification to carry added flow.
Inconvenience to Hydraulic Laboratory during
construction (parking).

o 1L - Replace existing units

Advantages

Minimize future maintenance.

2. Minimum new construction cost.

3. Increased efficiency.

4, Access good.

Disadvantages

1. Small increase in rated capacity with three units (0.4
MW).

2. Disruption of service during replacement.

3. Need to modify powerhouse.

4, Questionable need. Existing units are serviceable.

0 2L - Add new units to north end of existing hydro station

(recon report alternatives 1B, 2B, and 3B)

Advantages

1.
2.

Increase capacity with two 2.8 MW units.
Access good.

Disadvantages

Some existing plant shutdowns during construction.
Existing coordination problems between hydro plant
operation and lockages would increase.

A sheet-pile cofferdam is required for construction of
the plant addition.

Upstream and downstream channel excavation required.

o 3L - Install new units in auxiliary lock

{recon report alternatives 1A, 2A and 3A)

Advantages

Increase capacity with two 2.8 MW units.

No interference with existing plant during construction.
Upstream cofferdam not required.

No foundation work required - use existing lock floor.
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Disadvantages

1. Cofferdam required between downstream lock walls.

2. Placement of turbines would affect operation of lock
and dam during flood flows.

3. Existing coordination problems between hydro plant
operation and lockages would increase.

4, Limited construction access.

o 4L - Replace units as necessary to fit additional unit at south
end of existing hydroelectric station

—— AT o

Advantages

1. Increase capacity with two 2.8 MW units.
2. More difficult access.
3. No channel excavation required.

Disadvantages

1. Temporary disruption of generation during construction.

2. Existing coordination problems between hydro plant
operation and lockages would increase.

3. Two sheet-pile cofferdams required for powerhouse
addition.

o 5L - Rehabilitate 10 existing units (may be done in combination
with other alternatives)

Advantages

1. Minimize future maintenance. 1
2. Minimize new construction cost.

3. Maintain generating capacity in localized area.

4, Possible increased efficiency.

5. Access good.

Disadvantages

1. No increase in rated capacity.
2. Questionable need. Existing units are serviceable.
3. Disruption of service during rehabilitation activity,




PRELIMINARY ASSESSMENT AND EVALUATION OF ALTERMATIVES

Economic feasibility analysis compares economic costs with project
benefits. The comparison is made using a common value base.
Reconnaissance report costs and benefits were stated in January 1981
dollar values, and this fixed price level was used for valuing future
costs and benefits in = preliminary screening analysis, The time frame
used for the benefit-cost analysis begins in 1990 when the project is
assumed to be installed and extends through the 100-year economic life
of the project (to 2090). Therefore, the benefit-cost comparison was

prepared for the year 1990 using 1981 dollars and prices.

The Chicago Regional Office of the Federal Energy Regulatory Commission
(FERC) did the benefit analysis of hydropower additions at Upper
(Hennepin Island) and Lower Dam 3t. Anthony Falls. 1In its 10 September
1981 letters to the St. Paul District, benefits were calculated as

explained in excerpts from those letters which follow:

"Power values based on a coal-fueled steam-electric plant
as the most likely alternative to each of the proposed
aydroelectric developments are summarized in the attached
table. These are 'at-market' values; no transmission line
costs for the nydroelectric development have been included.

The energy value for the nydroelectric development is
determined by the difference in total system operating cost
between a system utilizing the proposed hydroelectric
installation and one using an equivalent size alternative
steam-electric generating plant. Operating costs for the
nydroelectric project and its equivalent alternative were
simulated using a probabilistic production costing computer
model. The POWRSYM Version 48 model was used for this
analyais.

Nortnern States Power Company was used as a 'typical'
system to measure the annual production cost differences
between future operation with the added hydroelectric
capacity and its equivalent alternative. Operation of the
system was simulated over the period 1980-2010 based on
projected load and energy requirements for the Northern
States Power Company system.
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The capacity values given in the attached table are based
on the annual fixed costs to install the alternative
electric generating plant. A 5.0-percent credit has been
given to the hydroelectric capacity to reflect its greater
operating flexibility., In addition, the capacity value for
the hydroelectric plant has been adjusted to reflect
relative value based on its availability in comparison with
the availability of the alternative steam plant.
; Accordingly, the capacity value given is applicable to the
f installed capacity of the proposed hydroelectric plant and
é already incorporates the consideration of dependable
; capacity.

4 Energy values are also given in the attached table which
; recognize the real fuel cost increases associated with
multiyear operation of the system. Real fuel cost

' ' escalation factors were taken from Department of Energy
i data published in the October 17, 1980 Federal Register.
Discount rates as specified in your letter were used to
3 levelize these costs over the 100 year period requested.

HENNEPIN ISLAND ST. ANTHONY FALLS AT MINNEAPOLIS, MN ON- THE
MISSISSIPPI RIVER

Power Values at January 1981 Cost Levels:

Cost of New Capac- Additional Capacity Energy Value

Money ity Added Generation Value Current Escalated
3 (MW) {MWH) $/kW-Yr. $/MWH $/MWH
7.375 5.0 23,700 82.10 20.9 38.6
7.5 33,100 77.90 20.3 38.3
10.0 40,000 70.60 20.9 39.3
¢ 15.0 53,300 65.30 21.6 39.7
20.0 63,800 55.80 22.5 39.9

LOWER DAM ST. ANTHONY FALLS AT MINNEAPOLIS, MN ON THE
MISSISSIPPI RIVER

| Power Values at January 1981 Cost Levels:
i Cost of New ?? ac- Additional Capacity Energy Value

Money ity"  ‘Added Generation Value Current Escalated
(MW) (MWH) $/kW-Yr, $/MWH $/MiH

7.375 10.8 9,600 64.20 22.9 39.6
13.6 16,500 65.3C 24.3 42,2
16.4 21,400 60.00 24,1 41.4
19.2 25,300 52.60 25.4 42.3

(1) New Capacity Added values should be 2.8, 5.6, 8.4, and 11.2 MJ."




PRELIMINARY ANALYSIS

RECONNAISSANCE REPORT

The power values mentioned above, combined with alternative costs,
resulted in the following conclusions in the September 1981
reconnaissance report.

September 1981 Reconnaissance Report Results
Feasible Hydiropower Additions''’ - Hennepin Island

Existing Alternatives
Item installation 1 2 3 )
Total site capacity («W) 12,500 17,590 20,000 22,500 27,500
Dependable capacity (kW)

(July-August) 11,500 14,500 15,800 16,700 18,400 f
Dependaole capacity («W)

{Deceaber-danuary) 10,900 13,100 13,700 13,900 14,400
Plant factor (total site) 0.80 0.72 0.069 0.65 0.58
Average annual enerdgy (MWh)

{totai site) 87,300 111,000 120,400 127,300 140,800
construction first cost

($1,000) - 4,870 14,280 8,510 11,620
Benefit-cost ratio

(for addition) - _3.24 1.64 - 3.19 3.10

Feasible Hydropower Additiona(1) - Lower St. Anthony
Existing Alternatives
Item installation 1B 2A 3A
Total site capacity (kW) 8,000 10,800 13,600 16,400
Dependaole capacity (kW)(Jul-Aug) 6,800 8,100 9,000 9,600
Dependable capacity (kW)(Dec-Jdan) 6,500 7,100 7,400 7,500
Plant factor (total site) 0.73 0.64 0.57 0.51
Average annual energy (MWh) 51,300 60,900 67,800 72,700

{total site)

Construction first cost ($1,000) - 3,540 6,190 8,720

Benefit-cost ratio

_(for addition) ____ — 1,88 2,05 1.90

(1) T'nhe alternative descriptions are fully described in the September
1381 reconnaissance report and are related to the current

feasibility study alternatives in the following paragraphs.
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Those alternatives identified and evaluated in the September 1981

reconnaissance report were reevaluated with other alternatives

L: identified in the feasibility stage of study. (The added alternatives
.§ were developed in consultation with Northern States Power Company in

several meetings, and are shown on plate 3.)

All alternatives were renumbered in the current feasibility study and

e 2o

i the following brief resume is presented to illustrate disposition of

the earlier reconnaissance study alternatives in the feasibility study.

ey et

: Alternatives

4 Reconnaissance Feasibility Summary

3 report number report number description

k.

b 2 10 New units -~ existing station
| g 1, 3, 4 5U New units in wasteway

1B, 2B, 3B 2L New units - existing station
' 1A, 2A, 3A 3L New units - existing lock

The most feasible alternatives in the reconnaissance report were
alternative 4, for the Upper St. Anthony Falls site, and alternative
3A, for the Lower St. Anthony Falls site, based on maximum average
annual net benefits. These are current feasibility report alternatives
50 and 3L.

FEASIBILITY REPORT
The 17 alternatives identified in the current feasibility study process

were initially evaluated using the 7 3/8-percent (January 1981)
interest rate and 100-year project life, contained in the September

1981 reconnaissance report. The evaluation was made manually, and it
used and expanded on costs and benefits developed in the reconnaissance
report. The preliminary feasibility report alternative evaluation used

PR RPES S SR

. P g o o
R SRS SELTEIRE _,,__,.._.M iRl
p— - - N




e

— A T——1

the standard tube-type units in all cases except for the rehabilitation
plans 2U and 5L.

First costs, operation and maintenance costs, present worth of deferred
costs, and salvaze values were developed for each alternative in
relation to costs previously developed for the 1981 reconnaissance
report. Interest during construction assumed a 2~year construction
period as did the reconnaissance report. Annualized benefits were
developed from the power values provided by FERC for a 7.375 interest
rate and 100-year project life. The FERC capacity and escalated energy
values were then applied to each specific alternative installation
proposed. The capacity value was multiplied by the installed capacity
and the escalated energy value was multiplied by the added MWh
generation that would result from the installation., This procedure was

recommended by FERC in a letter on 10 September 1981,
Example of annual benefit derivation for a 10 MW unit alternative:

Capacity benefit = $70.60/kW-yr x 10,000 kW = $ 706,000
Escalated energy benefit = $39.30/MWh x 40,000 MWh = _1,572,000

2,278,000
(Table uses rounded values of $2,275,000)

Thne following two tables show annualized costs and benefits, plant
factor, annual energy, and dependable capacity for the alternatives

evaluated in the formulation stage.
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The initial feasibility report evaluation assumed that all new
installations would involve two units, except for alternatives 1U, 20,
8Ua, 8Uc, 1L, and S5L. These alternatives either involve replacement of
existing units or rehabilitation of these units. See the following
table which compares the alternatives, their total first cost, and cost

per kilowatt of increased capacity.

62

—

R e T Chdime e . -

NS




: *9JT] JBIA-(Q] “sa51ad (86 Aaenue[ *33ex 3Isaiajuy Juadaad-g/g £ (€)
cuorlejuawaldur Jusaaad s3juyeaisuod TeIISAY4 (Z) '
*3urylrdue ysyTdwodde Jou plnom
PATIBUIDITE STYI OS AOUDTITJ33 Paled e aie sIrun BUTISIX3 JeYI MOUS spiodal Auedwo) 1amog sa3eis uiaylioN (1) m
A . gurisixo BuTlSIXd s3Tun 3uy3ISTX3 Q[ @3EITTIqeyady 18 !
i (1 008 70¢ (1) F
W . z (juerd jo
10L1 0098289 0°Y 8¢ pua yjnos) juswadeydaa TerIIRd 1%
8811 006°659°9 9°¢ 8°¢ [4 N20T AIBTTIXNY UT SITUN PPV 1€
STT1 000°00€ 9 9°g 8¢ 4 SITuUn piempue] Ad3u ppy 1z .
| 001°0Z  000°790°8 %0 8°¢C € situn 13pto Q1 2de1day T
| 286 000628°6 0°01 S ¢ asnoy u
-1amod Tauuey> pauopueqe ppv né :
008 000°SLZ €T 9°91 £°8 4 (s3tun 3urysyxe uTEIAY) |
Teued pue 3snoyaamod ppy PNg i
@ (@) L€ €8 v (Teued 393133
urel) Juswadefdaxa ajaydwo) ong
£86 000°SZ€‘91 991 £°8 4 (s3yun 3ur3IsTxe ureIAY) }
joo3suad - asnoyasmod ppy qng o
¥-)
€1 €°8 Y (s}do03suad - asnoyaamod
@ (2) L a78urs) juswsdeydaa ajzardwo) eng
196 0009996 0°01 S 4 %207 03 Ta17eied s3Itun ppy nz
1.8 000°802°8 0°01 9 z (pueTS] SS01)) SITUN MdAU PPy n9
1¢8 000°0TS ‘8 0°01 c z 7 °"ON £Aem23Isem UT SITUN Mdu Pppy ns
uoTI1BIS m
LGS6 000°0L5°6 001 S [4 199135 UTEW UT SITun ssu ppy Yy h
996 0004996 0°01 I Z jueTd 8UTISTIXD UT SITUN MAU PPV ng
‘ 3urisixe BUTISTXd s3Tun 3uTISTXd ¢ 23ILITTIqRY3Y ne
(N 00€ " %L¢ (1) |
699°18  006°S15°ET$ 1°8 S 7 Saun 13p1o ¢ 3oeTday a1
M /Iso0 u.lu.m..Oyu'.unwuﬂw (M) A311oedED (MW) s3tun s31un i
L31oede, (8D 1301 paseaidut TENPIATPUT mau jo JALLVRYALTV
aseaidu] 19N jo @z1g Jaquny
T UOSTJedwo) SATIPUJI]TY WE] JOMOT] pue puels] utdauusy-sTieJd Auoyjuy °*1S
LYY
!
el
RPT o o
- [

.




— b e ki e A e R

i The next related effort involved a ranking analysis of the 17
alternatives using net benefits and incorporating environmental and
social effects in an overall ranking. Alternatives 2U and 5L,
involving rehabilitation of upper and lower units, respectively, were
dropped from the evaluation because the existing units can actually

deliver at these design capacities.

The following summary table indicates that alternatives 8(a,b,c,d)
might have some of the highest net benefits. However, these
alternatives involve both the existing upper and lower power units and,
thus, the net benefits for these alternatives must be compared with net

benefits from other combined upper and lower alternatives (see the

following table, footnote 2).
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Alternatives 8Ua and 8Ub involve a direct route from near the existing
Upper St. Anthony Falls hydro plant to near the existing Lower St.
Anthony Falls hydro plant. In contrast, 8Uc and 8Ud would involve a
route from the old Main Street substation, under Main Street in a
covered canal, and ending near the existing lower hydro plant. The
existing plants would be decommissioned with alternatives 8Ua and 8Uc

but would continue to function with alternatives 8Ub and 8Ud.

Alternatives 8Ua and 8Uc are similar to 8Ub and 8Ud, except that 8Ua
and 8Uc involve complete replacement of existing power facilities at
the upper and lower dams. The existing facilities would be replaced
with a single new larger powerhouse and delivery penstocks with 8Ua and
8Uc. However, both 8Ua and 8Uc have physical constraints that prevent

implementation.

Alternative 8Ua (complete replacement-river route) would require four
17-foot diameter or three 20-foot diameter penstocks to carry the
required flow. Adequate right-of-way is not physically available near
the university steam plant for penstock installation. Alternative 8Uc
(complete replacement-Main Street) is limited by the width of Main
Street with abutting buildings. The required enclosed canal would be
limited to the street width and would have tn be built to a depth that

is inconvenient to construct; thus, it is more expensive.

As shown on the preceding summary table, the best alternative from an
overall standpoint is the combined alternative 5U (upper wasteway) and
2L (new units landward of existing plant). Alternatives 1U and 1L,
replacement of the existing upper and lower units, are ranked second
best overall, but 1L is not cost effective and both 1U and 1L are not
within the purview of the Federal Government because of the existing
private ownership and license for these units. Another problem with

alternatives 1U and 1L is the lengthy interruption of existing power

production that would be needed if the required units were replaced.




“1

This cost, or negative benefit, was not included in any of the
comparisons shown on the preceding table but would be significant with

several years' loss in revenue during construction.

Referring again to the summary table, the best alternative from a net
benefit standpoint is 8Ud (add powerhouse and canal in Main Street)
followed by 8Ub (add powerhouse-penstock to existing plant). The
combined alternative 5U (upper wasteway) and 2L (new units landward of
existing plant) is ranked third in net benefits. These three
alternatives, their net benefits, and overall rankings are repeated

here for ease of identification.

Alternative _8uUd _8Uu 5U+2L
Annual net benefits/(?l,OOO) 2,380.8 2,126.7 2,05’z3
Net benefit ranking' 1 2 3

Uverall ranking %NED, social,

environnental) i 10 1

(1) Lower ranking is better tnan a higher ranking.

(2) Pnysical constraints prevent construction of alternatives 8Ua
and 8Uc which were previously ranked 3 and 4 in net penefits.
Inerefore, the SU+2L comodination would move from fifth to tnird
place in net benefit ranking.

The summary table ranking considers other factors such as environmental
and social acceptability. Each alternative was ranked in comparison to
the others in terms of economic, environmental, and social
acceptability, Alternative 5U (upper wasteway) appears most acceptable
using this approach, as does alternative 2L (rehabilitation of lower

units).

In conclusion, the plan with the best overall ranking involving the
Upper and Lower St. Anthony Falls site, from the Federal standpoint, is
the combined alternative 5U (upper wasteway) and 2L (new units landward

of existing plant).
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PEAKING

Both the Upper and Lower St. Anthony Falls hydro units are operated on
a run-of-the-river basis under current licensing procedures. However,
fluctuations of 1 foot and 0.4 foot are permitted at the upper and
lower sites, respectively, and this amount of storage could be used for
peaking, at least at the Upper Dam site. The lower site, with only a
50-acre pool, cannot reasonably rely on the 0.4 foot intermediate pool
fluctuation for peaking and must be operated at a constant level as

practical to prevent interference with navigation.

A peaking operation at the Upper St. Anthony Falls site produces a
similar peaking operation at the Lower St. Anthony Falls location in
order to hold a constant lower pool level. The peaking proposal
investigated considered using 1 foot of drawdown from the authorized
799.2 elevation at the upper dam (approximately 300 acre-feet for a
300-acre pool). Drawdown would be for a 6-hour period, from 799.2 to
798.2, twice daily. (Current pool levels are consistently maintained
at 798.2, or 1 foot lower than authorized, to preclude losing
flashboards at the higher level. Weak spots in the horseshoe dam
flashboard system can cause loss of pool and power for 3 days at a

time, each time the boards go down.)

Consideration was given to installing four 100-foot long Bascule-style
gates on the Hennepin Rollway portion of Upper St. Anthony Falls. Each
gate would be 14 feet high and would provide a more assured control of
pool level without the risk of sudden loss of pool that is inherent in

the present flashboard system.

Approximate annual benefits and costs and benefit-cost ratios for this
peaking proposal are summarized below. The benefits shown for lock and
dam 1, or Ford Dam, can probably not be counted on, however, because
Ford Motor Company has provided the St. Paul District a letter
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indicating that the company is not interested in added hydro

development at this time.

__Costs and Benefits for Peaking Proposal
Annual Annual Benefit-cost
_..benefits .__costs _ratio

_Location _ e

Upper dam $267,000 $437,000 0.61
Lower dam 126,000

Upper and lower Jams 333,000 437,000 0.90
Lock and dam 1 181,000

Upper and lower dams

and lock and dam 1 574,000 437,000 1.32

e e e . = A e am . im A = T e Cr e e = ——= = e =

It would appear that a peaking proposal as suggested for evaluation by
NSP would be economically justified from a Federal perspective if
benefits at lock and dam 1 were available as indicated. However, lack
of peaking benefits at lock and dam 1 would make the peaking proposal
infeasible. Economic analysis conducted by NSP also indicates that
implementation of a peaking operation would not be economical at St.
Anthony Falls.

A peaking proposal was not pursued further because of the current lack
of interest expressed by Ford Motor Company and, more specifically,
because of stated Corps planning constraints that any new Mississippi
River plants should be operated as run-of-the-river to minimize

environmental impacts and not interfere with navigation.

ALTERRATIVES FOR FURTHER STUDY

As a result of the preliminary analysis, it was determined that the
following alternatives would be evaluated further:




N gt
it

o 5U - New units in wasteway No. 2, plus

2L - New units landward of existing plant

o 8Ud - End-around proposal that supplements existing power
facilities

Alternative 8Ud was included in the more detailed evaluation for
several reasons: (1) it had better economic feasibility than combined
alternatives 50 and 2L and 8Ub; and (2) the alternative was of special

interest to the existing licensee.

Site locations for the final three alternatives are shown on plate Ai.

Alternative 8Ub was excluded from the final analysis even though it had
the second highest net benefits. Alternatives 8Ud and 8Ub are similar,
in that they both use the entire head from both the Upper and Lower St.
Anthony Falls sites, using one installation. However, alternative 8Ub
has more disadvantages than 8Ud and received stronger initial
objections from environmental and historic interests than 8Ud. Much of
the 8Ud alternative would be underground and would be more in keeping
with the aesthetics of the existing St. Anthony Falls Historic
District. Inasmuch as 8Ud also provides the most net benefits, 8Ub was
not evaluated further to help simplify the already complex turbine

selection process.

Alternatives 5U+2L and 8Ud were subsequently evaluated in more detail

by the North Pacific Division, Corps of Engineers, using updated energy

values provided by the Federal Energy Regulatory Commission as follows:
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NORTH PACIFIC DIVISION EVALUATIONS

A detailed evaluation of the two previously described arrangements
{(alternative 5U+2L and alternative 8Ud) was then conducted by the Corps
of Engineers North Pacific Division (NPD). The NPD evaluated the 5U,
2L, and 8Ud plans as three separate individual development schemes. It
was understood tha“ the 8Ud, or combined site alternative, would

substitute for the alternative 5U+2L.

Costs were reevaluated at 7 7/8-percent interest rate (October 1932
prices), and benefits were derived from the October 1982 capacity and
energy values provided by the Federal Energy R.gulatory Commission.
The evaluation invoived a 100-year project life, The couplete
evaluation is summarized in the technical appendix and in the following
report sections dealing with assessment and evaluation of detailed

plans.

ASSESSMENT AND EVALUATION OF DETAILED PLANS

GENERAL

Earlier report sections described how the 17 alternatives were narrowed
down to alternatives 5U, 2L, and 8Ud for further study. The North
Pacific Division of the Corps of Engineers aided the St. Paul District
in the next portion of the study. The following report sections deal
with how the final alternatives were further evaluated by North Pacific

Division and identify the selected plan.

The North Pacific Division's brief project description, operational
assumptions, and summary results are presented in the following

paragraphs.
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EXISTING HYDROPOWER PROJECT

The existing St. Anthony Falls project consists of a navigation lock
and dam and powerhouse at each of two former natural waterfall
locations in downtown Minneapolis. The two falls (upper and lower) are
currently dominated by man-made structures. Upper and lower falls
exist separated by about one-half mile of river forebay. Each falls
has a power plant, owned and operated by Northern States Power Company,
a private utility. The Corps of Engineers owns and operates the
navigation locks at the project. Existing hydropower data are as

follows:
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OPERATIONAL ASSUMPTIONS FOR ADDITIOMAL GENERATION

Because of the complexities of the existing project, several
assumptions were made to evaluate the hydropower additions. The two
existing power plants, each owned by Northern States Power Company,
appear to be undersized, and additional generation would seem
appropriate., The existing units, particularly in the upper falls
plant, are relatively old and may not operate as efficiently as modern
units. However, a key assumption in these studies was that the
existing units will receive "first water"; thus, any new generating
units will operate on river flows in excess of the existing hydro
plants' hydraulic capacity., Alternative assumptions regarding the
future operability of existing hydropower capacity at St. Anthony Falls
would affect the assessment and evaluation of detailed redevelopment
plans.

The dual ownership and operation of the combined old and new plants
would definitely affect any economic analysis of the new plants. For
these studies, a basic assumption was made: the new power plants would
be constructed and owned by the Corps. Thus, the Federal discount rate
(7-7/8 percent) was used in all economic analyses. A non-federally
financed addition would have a different financial basis, would be
scoped somewhat differently, and would have different benefits and

costs associated with it.

It was assumed that any operation of a new power plant would = very
closely coordinated with the operation of the existing power plants.
This is especially important in the operational transition from
moderately low flows, when only the old power plant can operate, to
medium and higher flows, when both new and old plants will be
operating. For example, it was assumed that, as the river flows
increased from a low-flow state to a higher-flow state and the new
plant would need to be brought on line, the old plant would momentarily
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back down and tne new plant would utilize all the flows available for
generation at the best overall efficiencies. Once the total river
flows increased beyond that transition point, both old and new plants
would operate at their best efficiency. This same situation would
occur when the streamflows were in a regressive state. It is beyond
the scope of this study to fully evaluate this situation, but an
agreement between operating entities would be necessary to accommodate
this operating transition. The agreement could be relatively simple,

say in the form of an exchange of energy, for example.
ALTERNATIVE LOCATION OF NEW POWER PLANTS

Three alternative power plant locations were considered. Note that, in
the District's 1981 reconnaissance report, some 10 different
alternatives are outlined. For this study, costs were developed only

for the best locations of three different operating alternatives,

5U. Upper falls - The new plant would be located within the

existing abandoned wasteway No. 2.

2L. Lower falls - The new plant would be located on the left

bank, adjacent to the existing iower falls power plant,

8Ud. Combined falls - A penstock would connect the upper falls

forebay with the lower falls tailwater. The new power plant
would be located on the left bank ad jacent to the lower falls

power plant.

SCOPING ANALYSIS

Anrual project benefits were prepared for a series of plant sizes for

each alternative power plant location., Daily streamflows were routed

through the projects for a 50-year period of record using NPD's




DURAPLOT power program. Daily streamflows were used along with forebay
elevation data and tailwater elevation data. Head losses were combined
to produce the net generating heads for each day of recorded

streamflow.

Turbine-generator data were inputed for several different combinations
of units. Power-duration curves for each month were then developed.

These data were used to compute the project benefits.

Dependable capacity for each plant was computed on the basis of the
critical load months of July and August. Average annual energy for
each plant was then computed. Unit power values for dependable
capacity and annual energy received from FERC, Chicago office, were
then used to compute the total project benefits, The unadjusted power
values used in the feasibility report analysis by the North Pacific

Division were as follows.

Capacity - $1U45,22/kW-yr
Energy - 38.0 mills/kWh

These values, with appropriate adjustments to the capacity value for
mechanical availability, were applied to the dependable capacity to
obtain annual capacity and energy benefits.

Costs were prepared for several powerhouse sizes for each alternative
location. The types of turbine-generators are described in the
preceding table. Additional costs for items exclusive of the
powerhouse were received from the St. Paul District. These total
investment costs were then amortized; operation, maintenance, and
replacement costs were included; and annual costs were produced that

could be compared to the annual benefits, described in the paragraph

above. The selected plant size for each alternative location was made




using a net benefit analysis. The step-by-step analysis is discussed
thoroughly in chapter 6 of the technical appendix.

SUMMARY

The following table summarizes the North Pacific Division plant sizes
for the upper falls (5U), lower falls (2L), and combined (8Ud)
alternatives as developed by NPD. The summary utilizes a 7 7/8-percent
interest rate, October 1982 prices, and a 100-year project life. These
figures were subsequently modified slightly by the St. Paul District,
to add in costs for real estate and preservation of visual aesthetics,
and to utilize October 1983, price levels (see page 90, Benefit-Cost
Summary table).

(Rev. 3/84) 78
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COMCLUSIONS

The study results show that all three alternative sites are
economically justified. The upper falls site, with approximately 21 MW
of additional generation, produces the maximum benefit-to-cost ratio
§ and maximum net benefits. The lower falls is economically justified

but is not as economically attractive. Either plant could be built
without affecting the economics of the other. The combined alternative

Wwould exclude the upper and lower plant developments.

; : i The maximum net benefits would occur from the upper falls (50) and
91. ; lower falls (2L) options added together. The next best option,

A i considering net benefits, would be to build only the upper falls unit
i ‘ (5U). The third best option is the combined alternative (8Ud). The
lowest option is to construct the lower falls only (2L). On the basis !

of the above analysis, the maximum net benefits would be.provided by

B

% ~ the upper and lower falls sites (alternative 5U+2L).

ENVIRONMENTAL IMPACTS

The following section generally describes the environmental impacts
investigated. A more complete discussion is found in the Environmental

Assessment and Section U404(b)(1) evaluation at the end of this report.

NO ACTION ALTERNATIVE

{
i i ; : The no action alternative would result generally in the continuation of
‘ the status quo. However, because of the excess generating capacity at
the site, it would be likely that given the proper economic climate

' additional hydropower would be installed. Impacts would be
! approximately the same as projected in this report.
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CONSTRUCTION IMPACTS

Installation of new generating facilities requires construction of
cofferdams to permit dewatering of the construction area. The
construction and removal of cofferdams would locally destroy benthic
organisms and temporarily increase turbidity.

The upper (5U) and the lower (2L) dam alternative would be constructed
with upstream and downstream cofferdams. Combined alternative 8U would
require only an upstream cofferdam. Cofferdam construction impacts can
be minimized with proper construction techniques.

At the upper dam, construction in the wasteway would make use of an
existing structure in an area which has already been disturbed.
Construction of an outlet channel would be required but long-term
impacts of this feature should be beneficial because a riprap outlet
channel is provided. The lower dam powerhouse addition has a similar
sized outlet channel. Lower dam construction impacts and benefits
would be about the same as for the upper site channel. The combined
alternative would require open excavation of Main Street and would
constitute a severe disruption to St. Anthony Main, Pillsbury Company,
and other interests along Main Street. The cobblestone street would
have to be restored to preserve the historic nature of this feature.
In the early stages of study, the State Historic Preservation Officer
expressed strong reservations regarding these impacts.

Noise and dust would be an impact of any construction technique. Noise
could be minimized by selection of construction methods, proper
maintenance of equipment mufflers, and sound screening. Control of
dust during construction can also be achieved through proper

construction techniques.
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OPERATIONAL IMPACTS

Upper Falls Alternative

The addition of generating units to those already in place at the upper
falls would result in an increased diversion of water away from St.
Anthony Falls. This would result in increased entrainment of drifting
larval fish although the effect is difficult to predict since mortality
of fish passing over the falls is not known. The mortality of fish
passing through the turbines may be no greater or possibly less than
that of passage over the falls. The type of turbines to be installed
is not known to cause substantial mortality.

Other impacts which are typical of hydroelectric turbines would not be
expected. Dissolved oxygen depletion would not be expected to be a
problem because oxygen levels are sufficient in the vicinity. Intake
velocities, though higher than those used at steam electric plants,
would be within the swimming speed of most large fish. No structures
are planned which might funnel fish toward the intake. Since St.
Anthony Falls is a historic barrier, no interference with upstream fish
passage would occur.

The quality of tailwater fishery habitat is unknown because of the
hazardous conditions there. It 1is not expected that detrimental
impacts would occur because the flow would be only slightly displaced
in the tailwater.

Without the establishment of a minimum or base flow, operation of the
proposed hydro station would have an adverse effect on the St. Anthony
Falls Historioc District. The recommended plan takes into consideration
the negative historic and aesthetic effects of diverting all water to
the proposed hydro station by establishing a base flow level plus
rustication of the spillway and horseshoe dam. A "No Adverse Effect
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Determination" has been received from the State Historic Preservation
Officer. The Advisory Council on Historic Preservation has concurred
with this determination with conditions (see Exhibit section of the
Environmental Assessment). These conditions have been made a part of
the recommended plan, and they represent the St. Paul District's
compliance with Section 106 of the National Historic Preservation Act
of 1966, as amended.

Operation of a maximum development hydro station could significantly
reduce the frequency and duration of water flowing over the upper
falls. Full nydro development may have an adverse effect if the water
is entirely diverted to the new hydropower station. Consequently, the
State Historic Preservation Officer and other local interests believe
that "some" water must continue to flow over the upper falls two
spillways (see Environmental Assessment, Exhibit section, 21 Noveamber
1983 letter). Therefore, a determination was made by the St. Paul
District to provide a guaranteed base flow during the current 60
percent of time that the upper falls spillways would experience
overflow without the add-on power project.

A flow of 700 cfs was determined to be a desirable visual effect that
could be provided, over and above the current Northern States Power
Company design usage of 3,300 c¢fs at the upper falls, This flow,
combined with roughed-up horseshoe and Hennepin roll dam spillways,
could preserve visual aesthetics during low flow periods. (This flow
should be reconfirmed during subsequent design studies using modeling
techniques.) The 700 ofs flow would result in approximately 0.3-foot
depth of flow over the 1,400~foot long horseshoe spillway and about
0.7=-foot depth of flow over the 430-foot long Hennepin roll dam.

The above base flow, plus structural modification of the horseshoe and

main spillway to provide the appearance of "more flow", is incorporated
as a part of the 5U portion of the recommended plan to lessen any
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visual adverse impact of add-on hydropower flow diversion. The base
flow must be provided to make the plan implementable from the local
viewpoint.

Lower Falls Alternative

The addition of hydropower to that already existing at the lower falls
} would divert water that now flows through the dam tainter gates to the

added powerhouse section. Expected operation effects would be

‘ . | basically unchanged from present conditions. There are no overflow
é' spillways at the lower falls site.

The effects of the lower falls alternative on historic resources would

consist of modifications to the lower dam powerhouse. While not within

‘{ the St. Anthony Falls Historic District, this structure .is considered
B by the State Historic Preservation Officer to be eligible for the
;.if National Register of Historic Places on the basis of architectural and
l historiec criteria. The St. Paul District has prepared a "Determination

. of Eligibility" and has submitted it to the National Register. Future
| design of the lower falls powerhouse will be closely coordinated with

the State Historic Preservation Officer and the Advisory Council to
insure that the historic character of the structure is not compromised.

Combined Falls Alternative

This alternative would divert flow completely away from the pool below
Upper St. Anthony Falls to the possible detriment of the tailwater fish
habitat. Other effects on fisheries and dissolved oxygen would not be
expected to be more pronounced than with the combination of the upper
and lower falls alternative,

The combined alternative (8Ud) would require a 1,200 cfs release over
the upper falls spillways to provide the existing lower falls NSP plant
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with prior water right allotments. (Lower NSP plant capacity is 4,500
cfs versus upper NSP plant capacity of 3,300 c¢fs.) Area interests
would possibly be more receptive to this operational scheme from the
visual aesthetics viewpoint. (See Department of Energy letter
recommendation, 17 November 1983, Environmental Assessment, Exhibit
section).

The major impacts from this alternative come from construction of the
channel connecting the intake of the penstock with the new powerhouse
and from construction of the new powerhouse adjacent to the lower dam
hydro station. Impacts of the latter were discussed in the previous

section and would be substantially similar for this alternative.

Construction of the channel would have an adverse impact on portions of
the Pillsbury A Mill (a significant resource within the St. Anthony
Falls Historic District) and on other mills located along Main Street.
This channel would crosscut intakes, vaults, tailraces, and other
components of these mills. In addition, Main Street, which is surfaced
as originally constructed, would be adversely impacted.

SOCIAL IMPACTS

Social impacts resulting from construction activity, noise, and dust
would be most severe in residential areas adjoining the project area.
Social controversy could arise through selection of dredged material
sites and inequitable distribution of project costs and benefits.

The city of Minneapolis and area developers have gone un record
favoring a flow of water over the upper falls, for aesthetic purposes,
during 10 months of the year. In fact, the upper falls spillways are
currently dry about 40 percent of the time due to existing flow
diversions for hydro by Northern States Power Company. A project,
5U+2L plan with full development, would reduce the spillway overflow
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from 60 percent of the time at present to 20 percent of the time with
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—

~ S

full development. However, providing a base flow of 700 cfs and
modifying the horseshoe and lower roll dam in the 5U+2L plan would
offset the visual impact of full hydro development. ]

With the combined plan 8Ud, there would be a considerable impact during

: | the estimated 2-year construction period due to the Main Street
i 1: construction. This could have a severe effect on the existing St.
; Anthony Main development which is patterned after the San Francisco
Wharf development concept, with restaurants and shops. On the other
hand, the combined plan in operation wWould be almost entirely
underground, except for the intake structure near the old Main Street
station. Also, the combined plan would require the release of 1,200
cfs over the upper falls spillways to meet the first priority needs of
the NSP lower falls plant, described earlier.

{. RECREATION IMPACTS

: Tne diversion of flow through a proposed power plant rather than over
3 é the upper falls could have a minimal adverse impact on recreation